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Forward: A new strategic design research 
frontier for sustainability 
 
 
 
 
 
 
 
 
 
 
 
It is a shared opinion that Product-Service System (PSS) innovations represent a 
promising approach to sustainability. These offer models have been studied since 
the end of the ’90 as a win-win one and remarkable advances have been achieved 
both in knowledge-base and in know-how (methods and tools). However, the ap-
plication of sustainable PSSs is still very limited! In fact, sustainable PSSs are in 
most of the cases radical innovations, and so forth their implementation and diffu-
sion is hindered by several barriers on cultural, corporate and regulative levels. 
It has been argued that the diffusion of sustainable PSSs is linked to the attrac-
tiveness, acceptance and satisfaction of such alternatives. This should open the 
debate on the need of an aesthetic of sustainable PSSs as new an aesthetic of inter-
actions and services able to enhance the specific characteristics and the inner qual-
ities of this new generation of artefacts. Others have argued that PSS business 
models have been mainly researched and implemented as eco-efficiency opportu-
nities in industrialised context, therefore it should be clarified if and how a PSS 
approach may couple eco-efficiency with socioethical sustainability. Still others 
have started to research on the opportunities that a PSS may offer when applied to 
Distributed Renewable Energy systems, to speed up their diffusion as a key lever-
age for sustainable development.  
Said this, it seems to me that that there is a design research stream transversal 
to the previously mentioned ones, and this research stream is addressed by this 
book. Sustainable PSSs, being in most of the cases radical innovations, are often 
immature when they enter the market, thus, if immediately exposed to economical 
competition of a given context, they have (had in fact) great probability to not sur-
vive. For this reason there is a potential role for design not only to propose PSS 
concepts, but also design transition paths to facilitate and support the experimenta-
tion (design the sociotechnical experiments), introduction and scaling-up of these 
concepts. This is so crucial whatever the context we are talking about is or what-
ever the sustainability dimension we are more concerned of is. 
This book is an original and at the same time effective contribution to this latter 
key issue, exploring and delineating a new strategic role designers. It is a key con-
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tribution for that design (research) arena committed to effectively build up a radi-
cally more sustainable and enjoyable society. 
 
 
Prof. Carlo Vezzoli,  
Politecnico di Milano 
Design department 
Design and system Innovation for Sustainability - DIS 
Learning Network on Sustainability - LeNS 
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Preface 
 
 
 
 
 
 
 
 
 
 
 
 
The Product-Service System (PSS) concept represents, theoretically and practical-
ly, a promising model to steer our production and consumption systems towards 
sustainability. PSSs are business models based on selling performance (i.e. results) 
rather than products. They can provide a range of economic and competitive ad-
vantages and, if properly designed, can support the dematerialisation of economy 
and hence provide environmental benefits. 
However, it must be stressed out that the uptake of this business concept by 
companies is still very limited. The key problem is that sustainable PSSs can be 
considered radical innovations. They may require a profound redefinition of the 
production and consumption modalities and hence their implementation may cope 
with the current and dominant socio-technical systems. In other words they may 
challenge existing customer habits, organisational structures and regulative 
frameworks. For this reason the introduction and scaling-up of such innovations 
are not completely under the control of a company (or a small network of actors), 
because changes in the factors that form the boundary conditions (i.e. existing or-
ganisations, institutions and networks that share dominant practices, rules and in-
terests), are as well required.  
Although the concept of sustainable PSS has been discussed in the literature for 
over a decade, not much attention has been devoted to understand how the process 
of introduction and scaling-up takes place and how it can be managed and orient-
ed. There is therefore a knowledge gap regarding the mechanism and factors driv-
ing the implementation and diffusion of this kind of innovations and, consequently, 
there is a lack of strategies, approaches and tools to enable project managers, 
management consultants and strategic designers in designing and managing this 
process. The research presented in this book aims at tackling these issues and in 
particular at answering to the following questions: How sustainable Product-
Service System can be introduced and scaled-up? How this transition process can 
be designed, managed and oriented?  
The book seeks to answer to these challenges by integrating concepts and in-
sights from two research streams: the one on Product-Service System (PSS) design 
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and the one on transition studies. In particular the book, through industrial case 
studies and an action research project, explores and delineates the role of strategic 
design in supporting the introduction and scaling up of sustainable PSS innova-
tions. 
A new strategic design role thus emerges, a role in which the ideation and de-
velopment of sustainable PSS concepts is coupled with the designing of appropri-
ate transition paths to gradually incubate, introduce and diffuse these innovations. 
A key role in these transition paths is given to the implementation of socio-
technical experiments: protected spaces where radical innovations can be tested, 
become more mature, and potentially challenge and change dominant socio-
technical practices, habits and institutions. The book contributes to clarify how 
these socio-technical experiments can act as incubators where PSS innovation can 
start, proliferate and develop. In particular the book focuses on the role of experi-
ments as Labs (to test, learn and improve the PSS innovation on multiple dimen-
sions and involving a multiplicity of actors), Windows (to raise interest on the in-
novation project and the related actors, disseminate results, build-up synergies 
with existing similar projects/initiatives, and attract and enrol new actors), and 
Agents of change (to influence contextual conditions in order to favour and hasten 
the societal embedding process). 
The book outlines and discusses the new design approach and capabilities 
needed by strategic designers/project managers/consultants to design transition 
oaths and socio-technical experiments. Finally, on a more operational point of 
view, the book presents a practical “how to do it” design process, and associated 
guidelines, to support practitioners in designing and managing the societal embed-
ding process of sustainable PSS innovations. 
 
The book is structured as follows. 
Chapter 1 describes the nature of the problem addressed in this research. It 
shows that sustainability needs radical innovations, and it argues that Product-
Service System (PSS) innovations represent a promising approach to steer the cur-
rent production and consumption system towards sustainability. The chapter then 
illustrates the research goals and the research methodology adopted to answer the 
questions. 
Chapter 2 provides an overview of the PSS field. It introduces the PSS concept, 
describes its potential benefits and the main drivers and barriers to shift towards a 
PSS-oriented business strategy. The chapter argues that, even if the PSS concept 
represents a promising economic model to decouple economic value from material 
and energy consumption, its application is still very limited. Therefore the chal-
lenge is not only to conceive sustainable PSS concepts (several methods and tools 
can in fact be used to support this task), but also to understand which strategies 
and development pathways are the most appropriate to favour their introduction 
and scaling up. 
Chapter 3 describes how radical innovations take place, and which are the re-
lated dynamics, processes and influencing factors. The chapter then illustrates the 
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concept of socio-technical experiment and in particular its role in triggering transi-
tion processes. The chapter also discusses to which extent the concepts and in-
sights from transition studies are valuable for the specific characteristics of sus-
tainable PSS innovations. As a result, the chapter puts forward a conceptual 
framework to describe the process of implementing and diffusing sustainable PSS 
innovations, and its main influencing factors. The argumentation is accompanied 
by the illustration of several case studies.  
Chapter 4 investigates the potential contribution that a strategic design ap-
proach can make in stimulating and supporting the societal embedding of sustain-
able PSSs. A new strategic design role emerges. A role in which the ideation and 
development of sustainable PSS concepts is coupled with the designing of appro-
priate transition paths to gradually incubate, introduce and diffuse these concepts. 
Starting from these considerations the chapter outlines and discusses the new de-
sign approach and capabilities required by strategic designers/project manag-
ers/consultants. The argumentation is accompanied by the discussion of an exper-
imental design experience: the Cape Town Sustainable Mobility project. 
Chapter 5 summarises the main findings and lessons learned, highlights and 
generalises the main contributions, and indicates potential paths for future re-
search. 
 
This book is thought for a broad audience interested in radical innovations to-
wards sustainable production and consumption systems. 
Firstly, the book may be of interest for the academic and research communities 
studying Product-Service Systems and (more in general) sustainable innovations 
and strategies, from both the design and managerial perspectives. The research 
provides in fact new theoretical knowledge and practice-oriented insights on how 
to understand, design and manage the societal embedding process of sustainable 
PSSs. This book is also aimed at the academic and research community in the 
field of transition studies: in fact it presents approaches and tools that could be 
adapted and used more in general to manage the introduction and scaling-up of 
radical innovations. 
Secondly, the research may be useful for practitioners (strategic designers, pro-
ject managers and consultants) who want to acquire the basic knowledge and the 
practical ‘how to do it’ competence to support and guide a company (or a small 
network of actors) in managing and enhancing the societal embedding process of 
eco-efficient and sustainable PSS innovations.  
For the same reasons, this book is also aimed for companies that are shifting 
from product-based towards PSS-oriented business strategies, and want to acquire 
knowledge and competences about how to increase the chances to successfully in-
troduce and scale-up PSS concepts. 
Finally, the study may be of interest for graduated students (in the fields of de-
sign and management) dealing with PSSs and sustainable innovations. 
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1 Transition towards sustainability: the need of 
radical innovations 
 
 
Abstract This chapter describes the nature of the problem addressed in this re-
search. It shows that sustainability problems needs radical innovations, and it ar-
gues that Product-Service System (PSS) innovations represent a promising ap-
proach to steer the current structure of production and consumption towards 
sustainability. The chapter then illustrates the research goals: to understand how 
sustainable PSS innovations can be introduced and scaled-up, and how strategic 
design may contribute in triggering and supporting this process. The chapter then 
describes the research methodology adopted to answer the questions. 
Keywords: Sustainable development; Radical innovation; System innovation; Re-
gime shift; Design for sustainability; Transition studies; Product-Service System. 
1.1 The sustainability challenge 
Our planet has existed for more than 4.5 billions of years. If 100 represents the 
whole lifetime of Earth, human being was born only on the 99th year, 4-5 millions 
of years ago. Despite this relatively short period of time humans’ capabilities of 
adapting the natural environment in which they live has determined profound 
modifications on Earth’s biosphere. The degree of these changes grew-up expo-
nentially starting from the first industrial revolution. Since then the pressure of 
human being on natural environment has been so devastating that the Nobel Prize 
in chemistry Crutzen and his colleague Stoermer suggested the industrial revolu-
tion as the beginning of a new geological period: the “Anthropocene” (Crutzen 
and Stoermer 2000).  
After decades in which natural resources were considered inexhaustible and the 
resilience capacity of the Earth was not an issue, we are now fully aware of the ef-
fects that our actions have produced, and still produce, on ecosystems. The dis-
covery of the finite nature of resources led to realise that the dominant socio-
economic development models in industrialised countries, based on producing and 
selling goods, cannot be sustained by our planet. A fundamental contribution to 
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this understanding came in 1972 from the report commissioned by the Club of 
Rome to the Systems Dynamics group of the Massachusetts Institute of Technolo-
gy. The results of the research, named The limits to Growth (Meadows et al. 
1972), showed, through simulation models, the effects of the system of production 
and consumption on nature; it was the first scientific forecast of a possible global 
ecosystem collapse. Overpopulation, increasing resources use and pollution, and 
ever increasing consumption were identified as the three main trends aggravating 
the problem (ibid.). In the introduction of the report the executive committee of 
the Club of Rome stated that the research “indicates that humanity cannot contin-
ue to proliferate at accelerate pace, considering the material growth as the main 
aim, without facing the natural limit of the process, in front of which humanity can 
choose to take new paths to control the future, or to accept the most cruel una-
voidable consequences of an uncontrolled growth”. Still today we face the dan-
gers of the environmental limits and the irreversibility of harmful effects. As stat-
ed in the updated report published in 2004 (Meadows et al. 2006): “The result is 
that today we are more pessimistic about the future than we were in 1972. […]. 
We must change many things if we don’t want that the overcoming of the limits 
will lead to a collapse in the 21st century”.1 Translated in other terms this means 
that we must be able to move from a society in which wellbeing is measured by 
the production and consumption of goods, to one in which people live better con-
suming (much) less (Vezzoli and Manzini 2008). 
What indicator can we use to show we cannot go on with our current develop-
ment model? We can choose any one of the following: carbon in the atmosphere2, 
energy consumption3, resources availability4, lost topsoil, accessibility to drinking 
water, lost biodiversity5… We will only say that the Ecological Footprint is in-
creasing and it is beyond the Earth biocapacity: 1.5 years are needed to regenerate 
the renewable resources used in 2007 (WWF 2010). The size of the global ecolog-
ical footprint in 2007 is doubled compared to 1966 and, under a business-as-usual 
scenario, the outlook is that by 2030 humanity will need the capacity of 2 Earths 
to absorb CO2 waste and keep up with natural resource consumption (ibid.). Also, 
it is not only a matter of resources consumption but also a matter of resources dis-
tribution: in fact 20% of the world’s richest countries consume 80% of the re-
sources. If everyone in the world lived like an average resident of the United 
States or the United Arab Emirates, then a biocapacity equivalent to more than 4.5 
                                                          
1
 Translated into English from the Italian version of the book. 
2
 In 2007 the CO2 level reached the 400 ppm, increasing by 40 ppm in ten year. This change of 
magnitude over only a decade has not been seen since the most recent ice age ended around 
10,000 years ago (May 2007).  
3
 Energy consumption soared by 68% from 1990 to 2010 (Enerdata 2011). 
4
 Some critical resources will run out within 10 years (REKTN 2008) 
5
 The Living Planet Index reflects changes in the health of the planet’s ecosystems by tracking 
trends in nearly 8,000 populations of vertebrate species. The last Living Planet Report (WWF 
2010) shows that vertebrate species populations declined of around 30% from 1970 to 2007. 
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Earths would be required to keep up with humanity’s consumption and CO2 emis-
sions (ibid.). On the other hand, if everyone lived like the average resident of In-
dia, humanity would be using less than half the planet’s biocapacity (ibid.). 
In short, as stated in the Millennium Ecosystem Assessment (2005): “Many 
people have benefited over the last century from the conversion of natural ecosys-
tems to human-dominated ecosystems and from the exploitation of biodiversity. At 
the same time, however, these gains have been achieved at growing costs in the 
form of losses in biodiversity, degradation of many ecosystem services, and the 
exacerbation of poverty for other groups of people.” 
The question at this point is: what is the scale of change required to steer our 
production and consumption systems towards sustainability? 
In the second half of the ’90s a series of studies and analyses led to a clearer 
understanding of the change necessary to achieve a society that is effectively and 
globally sustainable (Factor 10 Club 1994; Vergragt and van Grootveld 1994; 
Schmidt-Bleek 1996). Taking into account an increase in the demand for wellbe-
ing in currently emerging and low-income contexts, these studies have brought out 
an astonishing result: conditions for sustainability are achievable only by increas-
ing the efficiency of the production and consumption systems in mature industrial-
ised countries by at least ten times. These estimates are approximate. However, 
they are valid to indicate the scale of change that should take place. We can only 
consider sustainable those socio-technical systems capable to drastically reduce 
the consumption of environmental resources (compared to the average consump-
tion levels in mature industrialised contexts), and equally distribute them. In other 
terms a profound, radical transformation in our development model is necessary. 
In addition, we have to be aware that it is not only a matter of scale of change 
but also a matter of pace of change. In fact, as underlined by Evans et al. (2008), 
the window of opportunity is rapidly closing because the Earth is coming under 
stress more quickly than predicted. We have therefore to urgently move towards a 
system capable to satisfy people needs while operating within planet limits. 
The concept of sustainability, based on economic, environmental and social in-
ter- and intra-generational equity (WCED 1987), is today widely shared. Howev-
er, the same cannot be said about the paths to achieve it. In fact the complexity of 
the issue and the diversity of views make it difficult to define widely acceptable 
strategies. Thus, the question is: how can we tackle the sustainability challenge?  
1.2 Evolution of approaches to sustainability 
During the last decades the reaction of humankind to sustainability problems has 
moved from end-of-pipe approaches to actions increasingly aimed at prevention. 
Four generations of approaches can be identified (Simons et al. 2001).  
The first generation of approaches, in the late 1960’s, took the form of pollu-
tion control and end-of-pipe solutions. These approaches try to control the pollu-
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tion after it has occurred. They focus on remediating the environmental effects 
caused by human activities (e.g. clean up a lake polluted by an industrial plant), 
without questioning on the causes of the problems. 
Since the mid 1980’s environmental approaches has shifted the attention from 
the control, management and treatment of pollutants and waste at the end of the 
process, to the prevention of pollution and waste generation. These kinds of inter-
ventions, characterised by a shift from reactive to proactive solutions, represent 
the second generation of approaches. They are defined cleaner production strate-
gies (UNEP 1994), and aim to prevent environmental effects by improving (indus-
trial) processes (e.g. use clean technologies to avoid the industrial plant to pollute 
the lake). These strategies include technological innovations and improvement of 
organisation in order to e.g. conserving raw materials and energy, eliminating tox-
ic raw materials, reducing the quantity and toxicity of all emissions and wastes be-
fore they leave the process, on site recycling etc. (USEPA 1992). The result of 
these strategies is an increased eco-efficiency of the production processes. 
However, since products determine environmental effects along their whole life 
cycles, reducing the impact solely on the production phase can only lead to limited 
benefits. For this reason, in the early 90’s the attention slowly focused not only on 
production processes but also on products (and their life cycles). These new ap-
proaches, focused on reducing the environmental impact of products’ life cycle, 
constitute the third generation of approaches. Several labels have been used to 
identify them. The most commonly used are eco-design (Brezet and van Hemel 
1997), Design for Environment (DfE), and Life Cycle Design (LCD) (Manzini and 
Vezzoli 1998). These approaches built upon new insights about the environmental 
effects linked to the production, use and disposal of a product, and on new meth-
ods of assessing these impacts (i.e. Life Cycle Assessment, LCA). The approaches 
and tools to design low environmental impact products have rapidly evolved since 
the early 1990’s, and allow companies and designers to effectively integrate envi-
ronmental design requirements into the product development process. 
The strategies included in the first three generations of approaches have one 
common characteristic: they do not modify the structures of production and con-
sumption but they only optimise them. For this reason, although they are funda-
mental and necessary, they are not alone sufficient to obtain the radical shift re-
quired to achieve sustainability conditions (the previously mentioned reduction of 
90% of resources consumption). In fact, even if these innovations can improve the 
environmental performance of products, it is also true that these improvements are 
often negatively counterbalanced by an increase in consumption levels (Scmidt-
Bleek 1996; Brookes 2000; Binswanger 2001). In other words, as underlined by 
Mont (2004), these approaches refer in general to the process but not to the quanti-
ty of output. Several examples can point up this problem. For instance, the envi-
ronmental gain achieved through the improvement of car efficiency in the last 15 
years (10%) has been more than offset by the increase in the number of cars and 
by the correlated increase (30%) in the overall amount of km covered (EEA 2008). 
A similar example can be found in the energy-efficient household appliances, 
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which become more and more efficient per unit of volume; on the other hand the 
increase in the appliances volume and in the number of sold appliances led to in-
creases in aggregate energy consumptions (Mont 2004).  
In addition, another problem is related to the fact that in the traditional produc-
tion and consumption model, based on the production and sale of products, pro-
ducers are usually not economically interested in optimising/reducing the con-
sumption of resources along the product’s life cycle (UNEP 2002). For instance 
car producers are not economically incentivised in extending cars lifespan as 
much as possible (on the contrary they are interested in accelerating the substitu-
tion of spare parts and the replacement of the car itself in order to increase profits). 
In short, as underlined by Hawken et al. (1999): “Without a fundamental re-
think of the structure and the reward system of commerce, narrowly focused eco-
efficiency could be a disaster for the environment overwhelming resource savings 
with even larger growth in the production of the wrong products, produced by the 
wrong processes, at the wrong scale and delivered using the wrong business mod-
els”.  
Ehrenfeld (2008) argues that the strategies included in the first three genera-
tions of approaches constitute symptomatic solutions which do not go to the root 
of the problem. The more we follow these approaches and the more we have the 
unjustified expectations that they work. In reality, sooner or later the problems to 
which they have been applied will either re-emerge or worsen (side effects) (ibid.). 
Using his words, “reducing unsustainability will not create sustainability”. 
Because of these reasons, if we want to effectively tackle sustainability, there is 
a need to move from a focus on product improvements only, towards a wider ap-
proach focused on producing structural changes in the way production and con-
sumption systems are organised. These strategies, which focus at a system innova-
tion level, represent the fourth generation of approaches. Their assumption is that 
sustainability issues must be tackled focusing on the root of the problem and not 
on its symptoms.  
This means that a profound radical transformation of our development model is 
necessary. As underlined by Manzini (1999), under discussion there are not only 
production processes and artefacts (products and services, infrastructure and all 
various form of anthropological settlements) but also patterns of consumption and 
access to goods and services. There is a need to develop new potential ways of sat-
isfying needs and desires, and in general the social demand of wellbeing. It is dif-
ficult to foresee how this may happen, but there will probably be a discontinuity 
that will affect all facets of the system (Vezzoli and Manzini 2008). Given the na-
ture and the dimension of this change, the transition towards sustainability repre-
sents a wide-reaching social learning process in which system innovations are 
needed. This implies changes at different levels: at the level of the products, ser-
vices and production systems, and equally at the level of social and institutional 
arrangements, such as mechanisms of coordination (regulation, governance) and 
patterns of interaction at the supplier and the user side of innovation (Weber et al. 
2006). Thus, significant changes in the way we think are required (Evans et al. 
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2008), because the same mind-set that led us to the current environmental, social 
and economic problems cannot be used to solve them. As underlined by Ehrenfeld 
(2008), it is a matter of changing the culture and breaking down the routine behav-
iours that are daily reproduced by individuals, groups, business communities, pol-
icy actors and society at large. 
The question at this point is: in which way we can re-shape our production and 
consumption system to steer it towards sustainability? 
1.3 Functional economy: a promising model 
A concept that theoretically and practically represents a promising model to steer 
our production and consumption systems towards sustainability is the functional 
economy one. Using Stahel’s words: “Functional economy is an economy that op-
timises the use (or function) of goods and services and thus the management of ex-
isting wealth (goods, knowledge, and nature). The economic objective of the func-
tional economy is to create the highest possible use value for the longest possible 
time while consuming as few material resources and energy as possible. The func-
tional economy is therefore more sustainable, or dematerialised, than the present 
economy, which is focused on production as its principal means to create wealth 
and material flow” (Stahel 1997).  
In the perspective suggested by Stahel we should move from an industrial 
economy, in which the central value is based on the exchange of products to be 
consumed and in which the growth is strongly linked to resource consumption, to 
a functional economy, in which products and technology are mere modes of 
providing functions (Mont 2002). Functional economy is oriented to satisfy con-
sumers through the delivery of functions instead of products (e.g. mobility instead 
of cars, thermal comfort instead of heating systems), and this can potentially bring 
about a reduction in the current levels of resources consumption, without minimiz-
ing consumer level of satisfaction.  
It is a model that changes the rewards system of the commerce. In a functional 
economy in fact, producers and providers are paid per unit of function delivered 
and not per unit of product sold. In other words the objective of the sale is to de-
liver a performance to provide customer satisfaction. Less material and economic 
resources are used to deliver that satisfaction and higher will be the profits for the 
provider. Thus, the functional economy model can provide an economic incentive 
to reduce and optimise the amount of material and energy consumption. In other 
terms the satisfaction of customer needs and the economic health can potentially 
be decoupled from the material and energy consumption. 
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1.4 The Product-Service System (PSS) concept and its 
sustainability potential 
Within the functional economy framework it is considered promising to look at 
the concept of Product-Service System (PSS) innovation, understood as “the re-
sult of an innovative strategy that shifts the centre of business from the design and 
sale of (physical) products alone, to the offer of product and service systems that 
are together able to satisfy a particular demand” (UNEP 2002). PSS is not a new 
economic concept: several examples of PSSs have been implemented in the last 
decades by various companies.6 From a sustainability point of view the key point 
to be underlined is that, if properly conceived, a PSS can decouple economic value 
from material and energy consumption7 (White et al. 1999; Stahel 2000; 
Heiskanen and Jalas 2000; Wong 2001; Zaring et al. 2001; UNEP 2002). PSSs can 
in fact offer an economic and competitive incentive for firms involved to continu-
ously foster improvements in resource productivity. In addition to potentially de-
couple value creation from resources consumption, a PSS-oriented business strat-
egy can also provide market opportunities and an improved strategic positioning 
for the companies involved (Goedkoop et al. 1999; Wise and Baumgartner 1999; 
Manzini et al. 2001; UNEP 2002, Mont 2002). PSS solutions can also provide a 
wide range of socio-ethical benefits (Tukker et al. 2006; Penin 2006; Vezzoli 
2007). Moreover this kind of business models is promising for both industrialised 
contexts and emerging and low-income ones (UNEP 2002; Penin 2006). 
It must be stressed out that the functional economy and the PSS concepts pre-
sent some points of contact with other sustainability concepts: 
• the natural capitalism concept, which sees a sustainable industrial system as 
being based on four main pillars: “radically increased resource productivity, 
redesigning industry based on biological models with closed loop and zero 
waste, shifting from the sale of goods to the provision of services, and reinvest-
ing in natural capital” (Hawken et al. 1999); 
• the cradle to cradle concept, a specific form of industrial ecology whereby all 
materials used in the system are separated into biological nutrients and tech-
nical nutrients; the first ones can be decomposed and allowed to re-enter the 
natural system, while the second ones should be kept within the industrial sys-
tem and used multiple times (McDonough and Braungart 2002); 
• and the systemic design concept (Bistagnino 2011; Pauli 2010), which sees 
production and consumption systems as open systems where the output (waste) 
of a system becomes input for another one. The aim is to create self-standing 
systems capable to sustain themselves thanks to the re-use and optimisation of 
                                                          
6
 For example see the cases collected by Goedkoop et al. (1999), UNEP (2002), Mont (2004a), 
and Vezzoli (2007). 
7
 It must be stressed out that not all PSSs are sustainable. They have a potential to contribute to 
sustainability only if carefully designed. This will be better explained in Chapter 2. 
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material and energy flows coming out and in the actors belonging to the sys-
tems. Special attention is moreover given to the local context and its human, 
cultural and material resources. 
Finally it has to be stressed out that although the PSS concept seems to be a valua-
ble and promising concept to tackle sustainability issues, it does not represent a 
silver bullet. Of course it can provide a wide range of economic, environmental 
and socio-ethical benefits, but it cannot alone solve all the problems. The author’s 
opinion is that synergies have to be built with other promising and interwoven 
concepts. In particular the social innovation8 and distributed economies9 ones. 
1.5 Research scope and questions 
A wide number of research projects in the field of PSS and sustainability have 
been recently supported by EU funding, and several design methods and tools 
have been developed in the last years to orient and support the development of 
sustainable PSS. However, despite all the knowledge accumulated, it has to be un-
derlined that the uptake of this business concept by companies is still very limited. 
The reason is that sustainable PSSs can be considered, in most of the cases, radi-
cal innovations, because they challenge existing customer habits, organisational 
structures and regulative frameworks. In other words, their introduction and scal-
ing up require breaking down the routine behaviour that is daily produced by indi-
viduals, groups, business communities, policy actors and society at large.  
For this reason the introduction and scaling-up of such innovations are not 
completely under the control of a company (or a small network of actors), because 
changes in the factors that form the boundary conditions (i.e. existing organisa-
tions, institutions and networks that share dominant practices, rules and interests), 
are as well required. In other words sustainable PSS innovations require changes 
in the socio-technical context, and hence cannot be realised by only asking a sin-
                                                          
8
 Social innovation is a process of change whereby new solutions emerge from a variety of actors 
directly involved in the problem to be solved: communities, grass roots technicians and entrepre-
neurs, local institutions and civic society organizations. Some of the solutions emerged (some 
examples are: self-managed services for the care of children and the elderly; new forms of ex-
change and mutual help; alternative mobility systems; networks linking consumers directly with 
producers, etc.) present interesting potentialities in generating and diffusing new and more sus-
tainable ways of living. This kind of innovation has always existed. But now there are good rea-
sons to say that its role is expanding and will expand in the near future. For details see Manzini 
(2005), Meroni (2007) and Jégou and Manzini (2008). 
9
 Distributed economies are activities organized in the form of small scale, flexible units that c 
synergically connected with each other (e.g. distributed energy systems). They are potentially 
able to make optimum use of local resources, both physical and social ones, and therefore to re-
duce their environmental impact and increase social inclusion and democratic participation. For 
details see Johansson et al. (2005). 
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gle company to change its business model. Therefore the challenge is not only to 
conceive sustainable PSS concepts (several methods and tools can in fact be used 
to support this task), but also to understand which strategies and development 
pathways are the most appropriate to favour their introduction and scaling up. Alt-
hough the concept of sustainable PSS has been discussed in the literature for over 
a decade, not much attention has been devoted to understand how the process of 
introduction and scaling-up takes place and how it can be managed and oriented. 
There is in fact a knowledge gap regarding the dynamics, mechanism and factors 
driving the implementation and diffusion of this kind of innovations and, conse-
quently, there is a lack of strategies, approaches and tools to enable strategic de-
signers, project managers and management consultants in designing, managing 
and orienting this process. This study focuses on this unexplored research area.  
In order to address the mentioned gaps, the following research questions are 
formulated: 
1. How do sustainable Product-Service System innovations take place? 
– What are the dynamics and factors that facilitate and hinder the process of 
introduction and scaling-up? 
– Is it possible to manage and orient this process? And if yes, how? 
1. Can strategic design have a role in supporting and orienting this process? 
– If yes, what kind of knowledge base and capabilities are needed by a stra-
tegic designer? 
– From an operational point of view, what is the design approach, methods 
and tools that can be used in practice? 
Recent advancements in the transition studies field10 have provided insights in-
to how to understand, influence and orient the adoption of system innovations. 
According to these theories, radical innovations are often immature when they en-
ter the market because they cope with a dominant socio-technical context (and its 
established and stable rules and networks of actors), and if immediately exposed 
to market competition, they have great probability to not survive. For this reason 
the introduction of radical innovations requires the creation of partially protected 
socio-technical experiments where the innovation can be tested, incubated and 
brought to mature (Kemp et al. 1998; Hoogma et al. 2002; Brown et al. 2003). The 
purposive creation of experiments that are protected from commercial market 
competition can help to overcome the innovation inertia enforced by the prevail-
ing cultural, organizational and regulatory rules, which are referred to as an in-
cumbent dominant regime. A pathway of socio-technical experiments can be used 
as a strategic arena for learning, shaping future expectations and establishing new 
social networks in order to gain momentum for diffusion and challenge and 
change socio-technical regimes (Raven 2005). 
                                                          
10
 In particular the contributions from Strategic Niche Management (SNM) and Transition Man-
agement (TM) approaches. 
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The assumption upon which this research is built is that these theoretical con-
cepts can provide insights on how the introduction and diffusion of eco-efficient 
and sustainable PSS innovations take place and how this process can be oriented 
and stimulated. In other words they can be used to understand the dynamics and 
factors that drive and orient this kind of radical innovations. Thus, this research 
proposes the adoption and adaptation of concepts and insights from transition 
studies into PSS design. The hypothesis is that there are some potential synergies 
between PSS design for sustainability and transition studies, and that through 
these synergies it may be possible to build up a proper set of knowledge and 
know-how capable to equip and support strategic designers in designing, manag-
ing and orienting the process of introduction and diffusion of this kind of innova-
tions. 
1.6 Research methodology 
When aiming at addressing the above research questions, the main challenge is 
related to the nature of sustainable PSS innovations. They are in fact complex 
phenomena: they represent change processes over time and they are multi-factor 
and multi-actor. Thus, they are difficult to be measured quantitatively and cannot 
be reproduced and studied in a lab setting. Also, the process of introduction and 
scaling-up of sustainable PSSs might require several years. Therefore the imple-
mentation and testing of design approaches/strategies cannot be easily studied in a 
real time perspective. Because of these reasons, qualitative research was selected 
to tackle these questions. In fact qualitative research is suited to explore complex 
phenomena that are difficult to measure quantitatively, and to generate insights 
necessary for a comprehensive understanding of a problem (Patton 2002; Crabtree 
and Miller 1999). In particular, in order to tackle this challenge, the adopted meth-
odology is based on three main stages (Figure 1):11 
• Stage 1: case studies research on sustainable PSS innovations. The aim of this 
stage was to understand how the process of introduction and diffusion of sus-
tainable PSS innovations take place (which are the dynamics and mechanism 
and the associated influencing factors), and how it can be successfully man-
aged. Thus, this stage sought to provide an answer to the first set of research 
questions. A literature review on transition studies was conducted to identify 
the potentially valuable insights for understanding and managing the imple-
mentation and diffusion of sustainable PSSs. These insights were used to de-
velop a conceptual framework aimed at describing how sustainable PSS in-
novations take place and at providing an overview of the factors which 
influence the process (and how these factors are interrelated). Then, a case 
                                                          
11
 For an in depth discussion of the research methodology see Ceschin (2012): pp. 53-70. 
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studies research was used to validate, adjust and refine the conceptual frame-
work. In particular, the case studies research analysed the process of implemen-
tation and scaling-up of six sustainable PSSs. 
• Stage 2: Action research project aimed at designing, introducing and diffusing 
a PSS innovation. Building upon the results of the previous stage, the aim of 
this stage was to develop a design approach (and related method and tools) to 
enable strategic designers in supporting and facilitating the process of imple-
mentation and diffusion of sustainable PSSs. An action research project, 
aimed at designing and introducing a sustainable mobility system in the subur-
ban areas of Cape Town, was used to test and reflect on the design approach, as 
well as to develop insights on how to refine and make it more applicable to 
practice.  This was an iterative process in which researchers were continuously 
involved in applying the design approach and reflecting on how to improve it. 
In fact action research seeks to “bring together action and reflection, theory 
and practice, in participation with others, in the pursuit of practical solutions 
to issues of pressing concern to people” (Reason and Bradbury 2001), in an it-
erative cycle of planning, acting, observing and reflecting (Kemmis and 
McTaggart 1988). The author was part of a research team directly involved in 
the project management, participating in the design activities as well as inter-
acting with the other actors and practitioners involved in the project. 
• Stage 3: External assessment made by experts and practitioners in the field of 
design for sustainability and transition studies. The results of the action re-
search project were used to propose a new design approach. This was evaluated 
by 7 practitioners and 14 experts through a questionnaire. In particular partici-
pants were asked to evaluate the design approach in relation to its potential 
practicality (how much the approach is usable in the settings for which it has 
been conceived), and effectiveness (how much the use of the approach might 
led to desired outcomes). Participants were also asked to provide insights on 
how to refine the design approach. Both open-ended and closed-ended ques-
tions were included in the questionnaire. 6 out of 7 practitioners affirmed that 
they could use the approach (partly or entirely) as guidelines for on-the-job ap-
plication. Regarding academic experts, 13 out of 14 stated that the approach 
and the action research project are useful as reference material (in particular as 
a teaching resource), and 9 out of 14 affirmed that they could use it as guide-
lines for on-the-job application (in particular in applied research projects). A 
purposeful sampling technique was used to intentionally sample the group of 
people to best inform the research problem under examination (information-
rich participants who had direct experience relevant to the phenomenon of in-
terest: experts and practitioners in the field of design for sustainability and tran-
sition studies). Regarding the sample size, the principle of theoretical saturation 
(Morse 1995; Strauss and Corbin 1998) was adopted.  The principle refers to 
the continuation of sampling and data collection until no new conceptual in-
sights are generated. In particular, a sample size of 14 academic experts and 
practitioners was initially used. Then 7 additional participants were involved. 
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Based on the information provided by the second group of participants and the 
scarcity of new information emerged from the last 3 questionnaire (comments 
and suggestions for improvement were similar to the one provided by the other 
participants), sampling was completed with 21 participants. 
Figure 1.1 Research methodology: overview of stages and main activities. 
 
In sum, the process to answer to the research questions was not linear but rather 
iterative and interactive. Iterative, because the design approach was implemented 
in a practical design experience and continuously developed, adjusted and refined 
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during the whole design process. Interactive, because the process was character-
ised by a continuous collaboration among researchers, practitioners and experts 
(which continuously brought input on how to improve the design approach and 
tools). 
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2 Product-Service System innovation: a 
promising approach to sustainability 
 
 
Abstract This chapter provides an overview of the Product-Service Systems 
(PSS) field. It introduces the PSS concept, describes its potential benefits (in terms 
of economic, environmental and socio-ethical sustainability), and its main drivers 
and barriers. The PSS concept represents a promising economic model to decouple 
economic value from material and energy consumption. However, the adoption of 
sustainable PSSs by industry is still very limited. The reason is that this kind of 
innovations can be considered, in most of the cases, radical ones, because they 
challenge existing customer habits, organisational structures and regulative 
frameworks. Therefore the challenge is not only to conceive sustainable PSS con-
cepts (several methods and tools can in fact be used to support this task), but also 
to understand which strategies and development pathways are the most appropri-
ate to favour their introduction and scaling up. 
Keywords: Product-Service System, Sustainable development; System innovation; 
Design for sustainability; Functional economy; PSS benefits; PSS barriers; PSS 
drivers.  
2.1 Product-Service System innovation and its sustainability 
potential 
Product-Service Systems (PSS) are a particular type of value proposition that 
shifts the business focus from the design and sale of (physical) products alone, to 
the offer of a bundle of products and services that are jointly capable of satisfying 
a particular customer demand (UNEP 2002). In other words it is a value proposi-
tion oriented to satisfy users through the delivery of functions instead of products 
(e.g. thermal comfort instead of methane, having clean clothes instead of washing 
machines and powder, etc.). From a sustainability point of view the PSS concept is 
interesting because embodies the potential of decoupling economic value genera-
tion from material and energy consumption. 
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Before describing in details the PSS concept and the associated benefits, driv-
ers and barriers, let’s have a look to a preliminary example: the Pay-per-Use solu-
tion, a PSS offer developed by Ariston, an Italian appliances producer. Here, ra-
ther than selling a washing machine, Ariston offers to clients the possibility to 
have clean cloths without owning the product. The payment is based on number of 
washes and includes the delivery of a washing machine at home, electricity supply 
(not directly paid by the customer), maintenance, and end-of-life collection. Basi-
cally, rather than the ‘traditional’ forms of sale, ownership, consumption and dis-
posal, this value proposition is focused on delivering a particular satisfaction: 
‘having clean cloths’. And this satisfaction is delivered through a mix of products 
(owned by Ariston) and services. Why is this PSS concept promising in terms of 
sustainability? Because within this business model Ariston is economically incen-
tivised in reducing as much as possible the washing machine energy consumption 
(in order to reduce operational costs and maximise profits), and in designing and 
providing long lasting, reusable and recyclable washing machines (in order to 
postpone the disposal costs and reducing the costs for the manufacturing of new 
washing machines). 
This example can help us to better understand the key differences between tra-
ditional sale and functional sale. In the traditional business logic the profit centre 
is directly linked to material goods: the objective is to sale more products, auxilia-
ry products and spare parts. In this case, as underlined by Vezzoli (2007), the pro-
ducer has an economic interest in reducing material and energy consumption dur-
ing the production phase, but at the same time it has no direct economic interest in 
limiting consumption during use, nor in reducing disposal impact or valorising the 
resulting waste; sometimes the producer is even interested in selling products with 
a short life span, with the aim of accelerating replacement. In the functional econ-
omy12 the profit centre is tied to the number of ‘functional units’ delivered to cus-
tomers (Stahel 1994). This means that the provider is paid per unit of function de-
livered and not per unit of product sold. In other words functional economy is 
oriented to satisfy consumers through the delivery of functions instead of products 
(e.g. mobility instead of cars, having clean clothes instead of washing machines 
and powder), and this can potentially create, as showed in the previous example, 
economic incentives for producers/providers to reduce and optimise the amount of 
material and energy consumption.  
Using Stahel words (2001), the traditional economy might be called a “river 
economy”, because its success is measured as the monetary flow at the point-of-
sale, which is directly linked to the flows of goods. The river economy has there-
fore a linear structure. Continuing with Stahel’s thought, functional economy 
might be called a “lake economy”, because it measures its success in terms of as-
set management, which can be potentially linked to the revalorisation of existing 
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 The concept of functional economy was elaborated by Stahel. See: Stahel (1994, 1997a, 
1997b, 1998, 2001), Stahel et al. (2000), and Giarini and Stahel (1989/1993). 
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stocks of products and the optimisation of their utilisation. The lake economy is 
therefore structured in loops. 
As underlined by Mont (2004), functional sales change the entire meaning of 
value. In the traditional sale producers are seen as creators of value and customers 
as value destroyers, while in the functional economy producers become providers 
of value while customers become users of value. It becomes in the interest of both 
parties to make sure that the function is constantly fulfilled and the value is con-
tinuously provided. Moreover, in traditional sales there is a conflict between the 
interests of producer and customer, while in functional sales these interests can 
potentially be more aligned (White et al. 1999). In fact in traditional sales produc-
ers seek to sell more products, auxiliary products and spare parts, while customers 
try to reduce costs associated with these products (Mont 2004). For the same rea-
son producers are not interested that customers take good care of products, be-
cause neglect can lead to premature product obsolescence and, as consequence, to 
a new purchase. On the other hand functional sales can potentially align produc-
ers’ and consumers’ interests, creating incentives for producers/providers to re-
duce, at least partially, the aforementioned drawbacks (ibid.). In fact, if what is of-
fered is a performance or the fulfilment of a satisfaction (e.g. having clean cloth), 
producers and providers will be interested in reducing the amount of material and 
energy inputs needed to deliver that performance. Thus they could be potentially 
incentivised in creating the conditions to reduce the costs associated with the use, 
to extend products life spans and to facilitate refurbishing, components reuse and 
material recycling.  
In conclusion functional economy (which is at the core of the PSS concept) 
represents a promising approach to re-orient the current structure of production 
and consumption towards a more dematerialised one. However, it must be high-
lighted that PSS is not synonymous of environmental sustainability: a PSS-
oriented business model does not guarantee environmental benefits. As stated by 
UNEP (2002), PSSs only have the potential to do so. PSSs in fact represent a 
promising concept to move in the direction of sustainability; but this potential can 
be exploited only if PSSs are properly designed, developed and delivered. 
Starting from these preliminary considerations the following text illustrates in 
details the concept of PSS, and its related drivers, barriers and potential benefits. 
2.2 PSS definition and classification 
2.2.1  PSS definition and main characteristics 
Several definitions have been given in the last decade to the concept of PSS (Table 
2.1 lists the most important ones). As underlined by Mont (2004), various authors 
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put different emphasis on different priorities and consequently have different ex-
pectations on PSSs. Some authors define PSSs focusing only on the market and 
competitive aspects, without referring to the sustainability ones (UNEP 2002; 
Wong 2004). Some others include the sustainability dimension, defining PSSs as 
offer models with intrinsic lower environmental impact than traditional business 
models (Mont 2001a; Centre for Sustainable Design 2001; Tischner et al. 2009), 
or as solutions which only have the potential to achieve sustainability improve-
ments (Goedkoop et al. 1999; Brandsotter 2003; Baines et al. 2007). 
Table 2.1 Definitions of Product-Service System. 
Author/s Year Definition 
Goedkoop, 
van Halen, te 
Riele and 
Rommens  
1999 A PSS (or combination of products and services) is a set of marketable 
products and services jointly capable of fulfilling a need for a client. [...] 
The PSS may lead to a benefit for the environment in connection with 
the creation of a (new) business.  
Mont  2001 PSS is a system of products, services, networks of actors and supporting 
infrastructure that continuously seeks to be competitive, satisfy customer 
needs and have a lower impact than traditional business models.  
Centre for 
Sustainable 
Design 
2001 A PSS is a pre-designed system of products, supporting infrastructure 
and necessary networks that fulfil users’ needs on the market, have a 
smaller environmental impact than separate product and services with 
the same function fulfilment and are self-learning. 
UNEP (Man-
zini and Vez-
zoli) 
2002 A PSS is the result of an innovative strategy that shifts the centre of the 
business design and sale of products only (physical) to systems offering 
products and services that are jointly capable of satisfying a given appli-
cation  
Brandsotter et 
al. 
2003 PSS is a product of material and intangible services designed and com-
bined so that both jointly are able to satisfy a specific need of a user. In 
addition a PSS may reach sustainability targets.  
Wong 2004 A PSS may be defined as a solution offered for sale that involves both a 
product and a service element, to deliver the required functionality. 
Baines et al.  2007 PSS is an integrated offering of a product and a service that provides a 
value. Using a PSS offers the opportunity to decouple economic success 
from material consumption and thus reduce the environmental impact of 
economic activity.  
UNEP 
(Tischner, 
Ryan and 
Vezzoli) 
2009 A PSS is a system of products and services (and infrastructure), to joint-
ly cope with the needs and demands of customers in a more efficient 
way with better value for both businesses and customers, compared to 
only offering products [...].PSS can decouple the creation of value from 
the consumption of materials and energy and thus significantly reduce 
the environmental impact in the life cycle of traditional product systems. 
 
Basically, a PSS can be described as an integrated system of products and ser-
vices, delivered by one or more socio-economic actors, and designed to fulfil a 
specific customer need. The word ‘system’ refers to both the system of products 
and services delivered to the client, and the system of actors that produces and of-
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fers the combination of products and services. Therefore PSS is a specific type of 
value proposition whose emphasis is on satisfying customers through the delivery 
of functions rather than the selling products or services. In order to add further 
clarity on the PSS concept, let us illustrate its key elements (Mont 2002a): 
• Products: the tangible artefacts of the system. 
• Services: they include services that make products available (sales services, 
renting, sharing, etc.), and services to manage products in the use and end-of-
life phases (maintenance, upgrading, take back, etc.). 
• Network of actors: it includes all the socio-economic actors needed to produce 
and deliver the PSS, and it comprises the partnerships and interactions between 
those actors belonging to that particular value chain or, as Normann and 
Ramirez define it, “value constellation” (Normann and Ramirez 1995). 
• Infrastructures: they comprise existing collective and private systems (such as 
roads, communication lines, waste collection systems, etc.). PSS and infrastruc-
tures are strictly correlated: infrastructures affect the configuration of the PSS 
and at the same time the PSS can stimulate the development of new infrastruc-
tures or the modification of existing ones. 
As previously underlined not all PSSs create environmental benefits. A PSS must 
be specifically designed, developed and delivered, in order to generate less mate-
rial flows and emissions than the competing product orienting models. Which are 
the conditions needed to make this happen? First of all the PSS should be con-
ceived in order to create economic and competitive incentives, for the actors of the 
value constellation, to lower and optimise material and energy consumption. Sec-
ondly, the products included in the PSS should be properly designed in order to 
exploit this potential: they should be designed with a low environmental impact in 
the various life cycle phases.13 In other words the configuration of the PSS (in 
terms of stakeholders’ interactions) constitutes the starting point towards achiev-
ing certain environmental results, but it is only with the proper design of the prod-
ucts associated with the PSS that these results can be actually achieved. 
Starting from these considerations an eco-efficient PSS can be defined as a PSS 
“where the economic and competitive interest of the providers continuously seeks 
environmentally beneficial new solutions” (Vezzoli et al. 2013).  It is a PSS in 
which the economic interest of the stakeholders involved in the PSS offer con-
verges with an interest in optimizing the environmental resources consumption. 
Of course, an eco-efficient PSS is not a sustainable PSS. The first one focuses 
on the economic and environmental dimensions, while the second one includes al-
so the socio-ethical dimension. Thus, a sustainable PSS can be defined as a PSS 
where the economic and competitive interest of the providers continuously seeks 
environmentally beneficial new solutions, while maximising social well-being, eq-
uity and cohesion. 
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 The design of these products should take in consideration Life Cycle Design (or Eco Design) 
criteria and guidelines. See Vezzoli and Manzini (2008), and Vezzoli et al. (2009). 
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2.2.2  PSS classification 
Most of the classifications proposed in the past distinguish between three main 
categories (Hockerts et al. 1993; Hockerts and Weaver 2002; UNEP 2002; Tukker 
and van Halen 2003; Tukker 2004; Vezzoli 2007; Vezzoli et al. 2013): 
• Product-oriented PSSs. They can be defined as value offers where a company 
(or an alliance of companies/stakeholders) provides additional services to guar-
antee life cycle performance of the product (sold to the customer). These ser-
vices can include for example maintenance, repair, upgrading, substitution, 
product take-back, etc. (UNEP 2002). This type of PSS reduces the user’s re-
sponsibility in the use and/or disposal of the product/semi-finished product 
(owned by her/him), and can potentially drives the company’s economic and 
competitive interest in continuously seeking environmentally beneficial new 
solutions, i.e. the economic interest could become something other than only 
selling a higher amount of products (Vezzoli 2007). In relation to this category 
it is possible to identify two more specific PSS types (Tukker 2004): 
– Product-related services, when producer/provider sells the product but al-
so offers services that are needed during the use and or end-of-life phases. 
These services can include, for example, a financing scheme, a mainte-
nance contract, an upgrading contract, a take-back agreement etc. 
– Product-related advice/consultancy, when producer/provider gives advic-
es, in relation to the product sold, on the most efficient use (and/or dispos-
al) of it. These services can include, for example, advices or courses on 
how to use the product. 
• Use-oriented PSSs. They can be defined as value propositions where a compa-
ny (or an alliance of companies/stakeholders) offers access to products, tools, 
opportunities or capabilities that enable customers to get the results they aim to. 
The client obtains the desired utility but does not own the product that provides 
that utility, and pays only for the time the product is actually used. Depending 
on the contract agreement, the user could have the right to hold the product/s 
for a given period of time (several continuous uses) or just for one use (UNEP 
2002).  The client thus does not own the products and does not operate on them 
to obtain the final satisfaction (the client pays the company to provide the 
agreed results). Again in this case the relation between the company and the 
client can potentially drive the company’s economic and competitive interest to 
continuously seek environmentally beneficial new solutions, e.g. to design 
highly efficient, long-lasting, reusable and recyclable products (Vezzoli 2007). 
Use-oriented PSSs can be divided into four main subcategories (Tukker 2004): 
– Product lease, when producer/provider keeps the ownership of the product 
(and is often responsible for maintenance, repair and disposal). Customer 
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pays a regular fee for an unlimited and individual access to the leased 
product. 
– Product renting or sharing, when producer/provider keeps the ownership 
of the product and is responsible for maintenance, repair and disposal. Cli-
ent pays for the use of the product (e.g. pay per hour) without having an 
unlimited and individual access. Other clients in fact can use the product in 
other moments (different users can sequentially use the product). 
– Product pooling, when producer/provider keeps the ownership of the 
product and is responsible for maintenance, repair and disposal. Client 
pays for the use of the product (e.g. pay per hour) without having an un-
limited and individual access. Differently form product lease and product 
renting and sharing, here the product can be used simultaneously by differ-
ent users. 
– Pay-per-service unit, when producer/provider keeps the ownership of the 
product and is responsible for maintenance, repair and disposal. Customer 
pays for the output of the product (e.g. pay-per-wash formula in relation to 
washing machines, pay-per-print formula in relation to printing machines, 
etc.). User can have a personal access to the product (e.g. in the Pay-per-
Use solution, offered by Ariston, the washing machine is installed in the 
client’s home), or a shared access (e.g. self-service washing centres). The 
difference with the functional result type is that here users have to operate 
on the product by themselves. 
• Result-oriented PSSs. They can be defined as value offers where a company (or 
an alliance of companies/stakeholders) provides a customized mix of services 
(as a substitute for the purchase and use of products), in order to provide a spe-
cific ‘final result’ (in other words, an integrated solution to meet the customer’s 
satisfaction). The mix of services does not require the client to assume (full) re-
sponsibility for the acquisition of the product involved. Thus, the producer 
maintains the ownership of the products and is paid by the client only for 
providing the agreed results. The customer benefits by being freed from the 
problems and costs involved in the acquisition, use, and maintenance of equip-
ment and products (UNEP 2002). In other words, the client and produc-
er/provider agree on a result, and there is no pre-determined product involved 
in the offer. The client does not own the products and does not operate on them 
to achieve the final satisfaction; the client pays the company to provide the 
agreed results. Again, the company can potentially have an economic and com-
petitive interest in improving resource productivity, e.g. long-lasting, reusable 
and recyclable products (Vezzoli 2007). Within this category it is possible to 
identify two subcategories (Tukker 2004): 
– Activity management/outsourcing, when a producer/provider outsources an 
activity to a third party, agreeing on performance indicators to control the 
quality of the outsourced activity (e.g. outsourcing of chemical manage-
ment activity, or office cleaning). 
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– Functional result, when the producer/provider agrees with the client to de-
liver a final result (e.g. thermal comfort). There is no any predetermined 
product or technology involved: provider is free to decide the most effec-
tive means to deliver that result. Provider keeps the ownership of all prod-
ucts and equipment used to deliver the agreed result. 
2.3 PSS potential benefits 
There are several benefits that can result from an appropriately designed PSS. 
These can be grouped into three main categories: economic and competitive bene-
fits, environmental ones, and socio-ethical ones. 
Economic and Competitive Benefits The shifting towards a PSS-oriented busi-
ness strategy can provide market opportunities and an improved strategic position-
ing (Goedkoop et al. 1999; Wise and Baumgartner 1999; Manzini et al. 2001; 
UNEP 2002, Mont 2002). In other words PSSs can potentially improve the com-
petitiveness of the company/ies (or more in general the alliance of stakeholders) 
involved in producing and delivering the offer. There are several reasons for this. 
Firstly, a new PSS can represent a differentiating offer from the traditional 
product-based ones (Davidow and Uttal 1989; Kyj and Kyj 1994; Frambach et al. 
1997), and can be more customisable to client wants and needs. Thus, moving up 
the value chain can represent an alternative to standardization and mass produc-
tion (Baines et al. 2007), and a potential answer to the price competition from low-
cost economies (Tukker and Tischner 2006a). 
In addition a PSS can potentially provide an added value to customers com-
pared to a product-based offer. Customers can in fact obtain the requested satisfac-
tion without necessarily making large investments into products (Mont 2004), and 
without being responsible for the costs and problems associated with the acquisi-
tion, use, maintenance and disposal of these products (UNEP 2002). PSS-oriented 
offers provide also increased flexibility to customers; the flexibility of the service 
element can in fact facilitate the customisation of the PSS in relation to the specif-
ic needs of single clients (Cook et al. 2006). This combination of advantages can 
stimulate the process of attracting new customers, which, as underlined by Mont 
(2004) and Martinez et al. (2010), may be of strategic importance especially in 
mature industries and markets. 
PSS can improve strategic positioning and competitiveness also because it can 
establish longer relationships with customers (Manzini et al. 2001; UNEP 2002; 
Mont 2004). In fact the link between customers and the producer/provider does 
not end after the purchase choice (as it happens in the traditional product-based of-
fers), but it continues during the whole period of the contract. Longer relations can 
potentially lead to stronger provider/customer relationships (UNEP 2002), in-
creasing client fidelity. This longer and stronger connection can increase intensity 
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of communication with customers, creating opportunities for feedback collection 
and consequently for the development of better value propositions, that in turn 
may increase customer loyalty (Mont 2004). 
The previously mentioned PSS high flexibility is also strategically important 
because it allows companies to be able to respond more rapidly and easily to the 
changing market and customers preferences (UNEP 2002). Moreover competi-
tiveness is enhanced because the combination of product and service elements is 
not easy to copy, compared to single products (Dickson 1992; Ghemawat 1986; 
UNEP 2002). 
Finally, PSS-oriented solutions can improve strategic positioning because they 
can help to comply with existing and future environmental legislation (such as Ex-
tended Producer Responsibility, environmental performance labelling, standards 
and specific international agreements, etc.), and to potentially do it in a way that 
adds value to customers and increases their satisfaction (Mont 2004). 
Environmental Benefits The environmental benefits of PSS-oriented solutions 
are related to the fact that there is a potential economic and competitive incentive, 
for the stakeholders involved in the PSS offer, to optimise the material and energy 
consumption. It is the same economic interest that pushes the actors involved in 
the PSS offer to improve environmental performances (White et al. 1999; Stahel 
2000; Heiskanen and Jalas 2000; Wong 2001; Zaring et al. 2001; UNEP 2002). 
This convergence between environmental and economic interests is defined eco-
efficiency (Vezzoli 2007).  Of course this eco-efficiency potential changes in rela-
tion to the specific characteristics of each PSS. However, generally speaking, the 
environmental benefits of an eco-efficient PSS are as follows (UNEP 2002): 
• During the use phase, PSS providers have a potential economic interest to re-
duce the amount of resources consumed. In fact, if what is sold is a perfor-
mance, fewer resources are used to deliver that performance and fewer costs 
will be sustained by providers, with a consequent profit increasing. Moreover, 
if PSS providers keep the ownership (or at least retains some responsibility) on 
the products over their life cycles, there is a further economic incentive to ex-
tend their life spans (in order to reduce maintenance and repair costs, and post-
pone the disposal costs and the ones for the manufacturing of new products). 
• At the end of a product’s life, PSS providers have the potential economic inter-
est to re-use or re-manufacture the product/s and their components, in order to 
save on disposal costs and on the costs to manufacture new products.14 For the 
same reason, providers are economically motivated to look into other ways to 
extend materials life, through recycling, energy recovery or composting. Fur-
thermore recycling can also reduce the need to buy new raw materials, saving 
on manufacturing costs. 
                                                          
14
 This happens when PSS providers keep the ownership, or at least retains some responsibility, 
on the product/s included in the PSS offer. 
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In summary, in eco-efficient PSSs producers/providers might be economically 
interested to: 
• Extend the product (and its components’) life span (Vezzoli 2007). This in-
cludes facilitating maintenance, repair, upgrading and refurbishment of prod-
ucts, and reuse of components. In this way producers need to manufacture few-
er products and components, and this leads to reducing raw material and energy 
consumption (Mont 2004). 
• Intensify product (and its components’) use (Vezzoli 2007), meaning that a 
(greater) number of people use the same product (or component) at different 
times (e.g. sharing and pooling schemes). A product used more intensely than 
others leads to a reduction in the quantity of products needed at a given time 
and in a given place to meet a customer demand (Vezzoli and Manzini 2008); 
• Extend materials’ life, in order to valorise materials from scrapped products. 
Rather than ending up in landfills, these materials can be re-processed to obtain 
new secondary raw materials or incinerated (burned) to recover their energy 
content (Vezzoli 2007); 
• Minimise the use of resources, in order to reduce the usage of materials and en-
ergy of a given product in all its life cycle phases (Vezzoli 2007); 
• Use of more advanced technologies, both in products and in manufacturing 
stages. In fact the absence of ownership transfer to the customer at the point of 
sale makes providers not tied by the product price (as in the case of selling 
products) (Mont 2004); 
• Substitute obsolete products with new and more efficient ones (Vezzoli 2007), 
if the cost of these new products can be more than offset by reduced operative 
costs (e.g. less costs in the use phase due to energy savings); 
• Implement sufficiency solutions, in order to organise operations so that the need 
for a product or service is reduced or eliminated without compromising con-
sumer satisfaction (Stahel 2000; Heiskanen and Jalas 2000); 
• Educate customers on how they could use the products so that they extract 
maximum utility with the least environmental impact possible (Mont 2004). 
Of course, as previously underlined, these potential reductions must be verified 
case-by-case, and balanced against the possible increase in costs of servicing, 
transportation, disposal and recycling. For example many PSSs are characterised 
by high transport intensity, and other environmental benefits in the system may 
not compensate this (Ellger and Scheiner 1997; Graedel 1998). Thus, a PSS must 
be specifically designed, developed and delivered, in order to generate less mate-
rial flows and emissions than the competing product orienting models. Moreover 
the proper configuration of the PSS (in terms of stakeholders’ interactions) consti-
tutes only the starting point towards achieving certain environmental results. This 
may create the economic and competitive incentives for the actors to lower and 
optimise material and energy consumption, but in order to exploit this potential 
the products included in the PSS have to be properly designed (i.e. with a low en-
vironmental impact in the various life cycle phases).   
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Furthermore, even when properly designed, it has been observed that some 
PSSs could generate unwanted side effects, usually known as rebound effects 
(UNEP 2002). Society as a whole is a set of complex, inter-related systems. As a 
result, something may happen that turns potential environmentally-friendly solu-
tions into increases in consumption of environmental resources at the practical 
level (ibid.). One example is the impact of PSS on consumer behaviour: if the cli-
ent does not own the product he/she uses, he could be led to careless behaviours. 
Nevertheless, PSS development seen as a whole presents great potential for gener-
ating win-win solutions that promote profit and environmental benefits. It has the 
potential to provide the conditions to enable communities to leapfrog to less re-
source-intensive (more dematerialized) systems of social and economic systems 
(Vezzoli et al. 2013). 
Socio-Ethical Benefits A PSS-oriented solution can provide several benefits con-
cerning the socio-ethical dimension. They can be grouped in two main clusters: 
benefits for customers and for the society at a whole. Socio-ethical benefits for 
customers include the following: 
• PSSs may focus much more on the needs and value of customers (thanks to 
their customisation potentials) and thus can improve quality of life (Tukker et 
al. 2006). Moreover PSSs may involve customers directly in the development 
and customisation of the offer, increasing their satisfaction (ibid.). 
• Use- and result-oriented PSSs does not require payment for the full value of the 
product, thus it is more accessible for consumers who could not afford to buy 
this product (ibid.). This means that they may represent a significant opportuni-
ty for contexts with fewer economic possibilities (i.e. low-income and emerging 
contexts) to respond more easily to unsatisfied social demands with lower 
overall costs (UNEP 2002). 
For the society, socio-ethical benefits comprise the following: 
• PSSs are more labour and relationship intensive, thus they can lead to an in-
crease in local employment and dissemination of competences (UNEP 2002). 
• PSS development, when it is based on existing products, can sometimes be 
done with limited investments. These PSSs may create new business opportuni-
ties for entrepreneurs (Tukker et al. 2006). Again it must be stressed out that 
this may represent an important opportunity for contexts with fewer economic 
possibilities: i.e. low-income and emerging contexts. 
• PSSs can strengthen the role of local economy because they are more focused 
on the context of use: services are created at the same time and often at the 
same place when and where they are consumed (Tukker et al. 2006). For this 
reason PSSs could trigger a greater involvement of more local, rather than 
global, stakeholders, thus fostering and facilitating the reinforcement and pros-
perity of the local economy (UNEP 2002). Thus they may empower and en-
hance local resources, by safeguarding, regenerating and empowering local 
economies and the related human and natural resources (Vezzoli 2007). 
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It has to be underlined that, similarly to the environmental dimension, PSS 
could also generate socio-ethical rebound effects. For example, some PSSs may 
deliver services that customers used to perform themselves; the result is that users 
could lose skills and become dependent to market parties (Tukker et al. 2006). 
Another example is the activity management PSS type (ibid.): this can result in an 
outsourcing of activities with the main aim of using a low cost working force (e.g. 
relocating a telephone help desk service to a call centre in an emerging or low-
income country). Thus, as in the case of environmental sustainability, PSSs have 
to be carefully designed in order to avoid socio-ethical unwanted effects. 
2.4 PSS drivers 
In the previous sections we presented the concept of PSS, described its main ty-
pologies, and illustrated its main potential benefits. This section illustrates the 
main drivers to push companies (and other stakeholders) to shift towards PSS-
oriented business strategies. Drivers are described according to two categories: 
drivers for companies and drivers for customers. 
Drivers for Companies The main driver for companies is associated to the need 
to find new market opportunities and in general increase the competitive position. 
In mature economies companies are increasingly challenged by countries with a 
low-cost labour base (Tukker and Tischer 2006; Baines et al. 2007), which is lead-
ing to sheer price competition and eventually to low profit margins. Thus, compa-
nies in many sectors recognised that it is not sufficient to compete on product 
quality and efficiency of operational and production processes (Mont 2004). 
Moreover product-based companies have proved to be relatively easy to imitate by 
competitors, while PSSs are less easy to replicate (Dickson 1992; Ghemawat 
1986; UNEP 2002). This has pushed many companies to recognise the need to 
move up the value chain and focus on the strategic integration of products and 
services as a source of sustainable competitive advantage and corporate profitabil-
ity (Oliva and Kallenberg 2003; Cohen et al. 2006; Rosen et al. 2003).  
In addition, the process of adoption of a PSS-based strategy is frequently incen-
tivised by the companies’ need to differentiate their offers to better respond to new 
customer demands (Mathieu 2001; Oliva and Kallenberg 2003; Gebauer et al. 
2006). In short PSSs can potentially respond more appropriately to the current 
need to move from standardisation and mass production towards a mass-
customisation strategy (UNEP 2002; Mont 2004). 
Moreover Mont (2002b; 2004) states that important internal enabling factors in 
defining whether the company will explore possibilities of providing PSS-oriented 
solutions, and to what extent, are the commitment of top management, and the 
presence of a ‘catalyst’ (a person who internally can market and promote the con-
cept). Mont, in her PhD research (2004), also found out that for some companies 
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the environmental issue, when linked to economic savings, represented an internal 
driver to initiate PSS-oriented businesses.  
In relation to external drivers, the most significant one to push companies to 
change their businesses is the development of more stringent environmental regu-
lations (Mont and Lindhqvist 2003; Ceschin and Vezzoli 2010). Pollution charges, 
fiscal incentives for pollution abatement, Extended Product Responsibility pro-
grammes, etc. can stimulate companies in improving their solutions in terms of 
environmental impact. The development of PSS-oriented businesses can represent 
an answer to this regulative pressure (Mont 2002b). Also, it can represent a strate-
gy to deal with future regulations (James and Hopkinson 2002), and turn them into 
a competitive advantage (Agri et al. 1999). However it must be stressed out that 
these policy measures encourage environmentally better products and services but 
do not necessarily steer companies towards the development of PSS-oriented in-
novations (Mont and Lindhqvist 2003; Ceschin and Vezzoli 2010). 
Another important external driver is the growing public concern about envi-
ronmental and socio-ethical issues (Mont 2002b; 2004). There is in fact an in-
creasing number of actors (ranging from citizens to public institutions, and includ-
ing society at large) aware of these problems (Larsson et al. 1996). This should 
push companies to improve the environmental performance of their processes, 
products and services. However, it has to be underlined that the demand of more 
sustainable products and services is very often answered by companies with 
‘greenwashing’ strategies or, using Lanzavecchia words, with “the development of 
ecological simulacrums” (Lanzavecchia 2000). 
Drivers for Customers Mont (2002b) reports that customers expect reduced risks 
and liabilities associated with handling the product. PSS-oriented solutions can 
respond appropriately to this need, relieving customers from the responsibility for 
a product. However, this finds a confirmation especially in the Business to Busi-
ness sector, while in the Business to Customer sector several barriers to ownerless 
consumption can be identified (see next section).  
For private customers the main drivers to choose a PSS-based solution are in-
herent to the nature of the product: when products are expensive and not used very 
often, when maintenance costs are high and when products take up storage space, 
private customers tend to pay for services (Mont 2004). In addition it has to be 
underlined that another driver is that ownerless-based solutions may also represent 
a certain status: let us think for example to cultural events or the use of a taxi. 
2.5 PSS barriers 
Despite the aforementioned potential benefits and drivers it has to be underlined 
that the application of eco-efficient and sustainable PSSs is still very limited. An 
important reason is that this kind of business concepts requires, in most of the cas-
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es, substantial changes in existing customers habits, companies organizational 
structures and regulative frameworks. The following text illustrates in details these 
barriers. 
2.5.1 Barriers for companies (and in general for PSS promoters) 
Internal Mindset and Capabilities For companies the first barrier is related to 
the fact that the adoption of a PSS strategy is more complex to be managed than 
the traditional way of delivering products alone. For this reason there is the need 
to embed a PSS culture within the organisation (Martinez et al. 2010). In other 
words changes in corporate mindset and organisation are required in order to 
support a more systemic innovation and PSS-oriented businesses (UNEP 2002). 
Since the capabilities and knowledge for producing and selling products are con-
siderably different than those of managing PSSs, it is clear that companies require 
new competences, skills and experience, in relation to both management and de-
sign activities. There is in fact the need of: 
• structuring the organization in a way to be competent at designing, making, and 
delivering PSS offers (Baines et al. 2007); 
• acquiring PSS design methods and tools, which companies can use to orientate, 
design and assess sustainable PSS concepts (UNEP 2002); 
• acquiring life-cycle costing methods (ibid.); 
• developing performance metrics to measure organisations’ ability in effective 
and efficient delivery of PSS offers (Martinez et al. 2010); 
For these reasons personnel need to be trained and perhaps even additional per-
sonnel should be recruited (Mont 2004a). It has to be underlined that these chang-
es may also be hindered by internal conflicts between business functions (Stough-
ton et al. 1998; White et al. 1999; Fishbein et al. 2000). These conflicts may also 
be enhanced by the absence of an internal common language and alignment of 
mindsets (Martinez et al. 2010). 
Another internal barrier is determined by the changing of systems and sources 
of gaining profit (Mont 2002a): PSS business models require in fact medium-long 
term investments compared to the short-term profit generated at the point-of-sale. 
Consequently PSSs are connected with uncertainties about cash flows (Mont 
2002b), which leads producers to perceive PSS business more risky than product-
based one (European Commission 2001). These changes in the sources of gaining 
profit require new internal accounting systems and the restructuration of financial 
functions (Mont 2004a).  
A further obstacle is the difficulty of quantifying the savings arising from PSS 
in economic and environmental terms, in order to market the innovation to stake-
holders both inside and outside the company, or to the company’s strategic part-
ners (UNEP 2002). 
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Relationship with Stakeholders along the Value Chain PSS innovations require 
companies to adopt a different approach with stakeholders along the value chain. 
The development and delivering of PSSs need in fact the building up of a strong 
collaboration among these actors. This may be a barrier, because of the fear of 
sharing sensitive information about companies’ processes, products and technolo-
gies (Mont 2004a). Another obstacle is that partnerships and entrepreneurial inter-
dependence may lead to reduced control of core competencies and reduced influ-
ence on business decisions (UNEP 2002). In relation to the value chain another 
barrier is represented by the potential conflict of interests between companies that 
aim to reduce sales volumes of material products and traditional interests of retail-
ers that aim to increase sales (Cooper and Evans 2000). 
Relationship with Customers In relation to customers, the main barrier for com-
panies is to convince them that a PSS solution can better fulfil their needs and 
wants (Mont 2004a). Middlemen need to be appropriately trained in order to ac-
complish this task (ibid.). Moreover the definition of contracts and their negotia-
tions may be problematic, hindering the process of acquiring new customers (Mar-
tinez et al. 2010). A further barrier connected to customers is related to the fact 
that providers are often worried about the reduced care for products that custom-
ers could have if they do not own the products (Mont 2004a). 
2.5.2  Barriers for customers 
Consumption behaviour is a matter of individual choice, but it is also influenced 
by social norms and institutional settings. The current and dominant consumption 
behaviours put several constraints to the diffusion of alternative sustainable PSSs. 
Let us summarize the most important factors that determine this opposition; we 
will follow Mont’s line of thought (2004b), classifying them in two main catego-
ries: economic and socio-psychological factors. 
Economic Factors From an economic perspective, Røpke (1999) states that cur-
rent consumption behaviours are firstly determined by the entire history of indus-
trial development. The Industrial Revolution led to increased production volumes 
and reduced product prices, determining the need to sell more and more new 
products. This in turn encouraged the creation of demand for all the produced arte-
facts, and therefore strategies were defined to boost consumption. In relation to 
this Kilbourne et al. (2001) state that economic and political institutions have per-
suaded people to believe that higher material prosperity is the expected behaviour. 
Another cause that contributes to reinforcing material consumption levels is re-
lated to so-called externalities. Since environmental and social costs connected to 
products are not included in their market prices, it can become difficult for sus-
tainable PSS solutions to compete with industrially produced products (Mont and 
Lindhqvist 2003; Ceschin and Vezzoli 2010). Moreover the cost of labour is in-
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creasing and therefore it can be cheaper for customers to buy product-based offers 
(e.g. washing machines) instead of labour-intensive solutions like PSS-based of-
fers (e.g. clothing care services).  
In addition it must be underlined that customers show a lack of knowledge and 
understanding about the PSS concept (Mont 2004a; Catulli 2012). This generates 
uncertainties related to unclear risks, costs and responsibilities, and can lead cus-
tomers to difficultly understand the benefits of a PSS offer. Moreover, it is some-
times problematic for them to accept producers in the role of providers of services.  
Many customers (in particular in relation to the Business to Consumer sector) 
also lack a general understanding about life cycle costs (White et al. 1999). For 
this reason it is sometimes not easy for them to understand the potential economic 
benefits of PSS-oriented solutions. PSS-based offers are in fact usually perceived 
by the end-user as more expensive if compared to the purchase of products (even 
if sometimes the contrary is true), since the total cost of ownership (including use, 
maintenance, repairs and disposal costs) is not taken into consideration in the pur-
chase of a product. 
Socio-Psychological Factors Economic studies are traditionally based on the as-
sumption that consumers are rational decision-makers whose choices are driven by 
utility maximization, with price and income factors as most important in making 
choices. However, as underlined by Mont and Plepys (2008), consumer behaviour 
has been found to be far more complicated than merely a rational response to pric-
es, being influenced by different internal and external drivers induced by human 
psychology, social norms and institutional settings. 
Sociological studies underline the role of habits in influencing consumption 
behaviour, arguing that consumption choices are dependent on prior consumption 
patterns. In relation to eco-efficient PSSs, the problem is that solutions based on 
sharing and access contradict the dominant and well-established norm of owner-
ship (Behrendt et al. 2003), making consumers hesitant to accept ownerless-based 
solutions (Goedkoop et al. 1999; Manzini et al. 2001; UNEP 2002). This is espe-
cially true for particular types of needs (e.g. for washing our clothes we are not 
accustomed to the idea of a washing machine in our home that does not belong to 
us), while in other cases ownerless-based solutions have entered into our routines 
(e.g. the use of public transport services). It has however to be underlined that, 
compared to private customers, business customers tend to prefer functional sales 
to product ownership (Alexander 1997; Stahel 1997a). Moreover, as underlined by 
Wong (2004), the diffusion of a PSS in the consumer market is highly dependent 
on being sensitive to the culture in which it will operate; in fact he observes that 
PSSs have been more readily accepted in communal societies like Scandinavia, 
the Netherlands, and Switzerland. 
Another barrier to the diffusion of ownerless-based solutions is the fact that the 
quantity and quality of accumulated goods is perceived as a measure of success in 
life, because it represents an indicator of a certain position in society (Mont 
2004b; Catulli 2012). Moreover, as underlined by Halkier (1998), the current trend 
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towards individualization is boosting consumption demand, because a person’s 
identity is no longer defined by a community but rather by the goods s/he owns 
(goods that represent the signals of one’s own identity). In relation to this it must 
be stressed out that refurbished products and sharing schemes may be perceived as 
second-class status (Mont 2004a). Mont (2004a) also points out that for certain 
PSS categories providers need to develop systems for monitoring and managing 
the products condition at customer sites. This entails entering customers’ facilities 
and getting access to information about some of customers’ activities. The privacy 
issue, for some customers, may be a sensitive one. In addition, hesitation towards 
offers based on ownerless access and sharing can also be linked to the perception 
of independence, hygiene and intimacy usually connected to one’s own products. 
Some Windows of Opportunity Even if there are barriers that may hinder the ac-
ceptance of ownerless-based offers, it must be emphasized that there are also some 
windows of opportunity that can be exploited to favour the acceptance of such so-
lutions (Mont 2004b). Firstly, while traditional economics argues that users de-
mand physical products to satisfy their needs, the works of some sociologists (e.g. 
Max-Neef 1991) tells us that needs can be fulfilled by material and non-material 
“satisfiers”. Moreover material consumption is not linked to happiness; in fact 
more materialistic people are not always happier than less materialistic ones (Belk 
1985; Max-Neef 1995). In addition, some studies state that an increase in con-
sumption levels represents the need to satisfy psychological and social aspirations 
rather than material ones (Jackson and Mark 1999). On the same line of thought, 
Hacker (1967) argues that the purchase of the same brand represents a substitute 
for a lost sense of community. Moreover, in relation to goods possession, even if it 
is true that this is perceived as a measure of a certain social status, it can also be 
proposed that ownerless solutions may represent a certain status; let us consider 
for example the use of a taxi, access to education or cultural events (Mont 2004b). 
2.5.3 Context-related barriers 
The so called externalities and the high cost of labour in industrialised countries 
are the main context-related factors, which, as illustrated before, contribute to re-
inforce material consumption and hinder PSS-based solutions. Moreover, other 
context-related barriers to be overcome may also include a lack of external infra-
structure and technologies (e.g. for product collection, remanufacturing or recy-
cling) (UNEP 2002), and the difficulties faced by governmental institutions to cre-
ate regulatory drivers to support the promotion and diffusion of this kind of 
innovations (Mont and Lindhqvist 2003; Mont 2004a). 
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2.5.4  A matter of institutions 
As we have seen sustainable PSS innovations usually encounter the opposition of 
the existing customer habits, companies organizational structures and regulative 
frameworks. Thus, their introduction and scaling up require breaking down the 
routine behaviours that are daily reproduced by individuals, groups, business 
communities, policy actors and society at large. It is therefore a matter of chang-
ing the culture or, using Ehrenfeld words, the routine behaviour of groups and in-
dividual that is reproduced over time and space (Ehrenfeld 2008). This everyday 
routine social activities shape and are shaped by social institutions (Giddens 
1984). Institutions are broad concepts that comprise (Scott 1995): regulative and 
legislative constraints (regulatory institutions); societal norms, moral and ethical 
rules, and established behavioural patterns and lifestyles (normative institutions); 
and the learning processes that help individual to understand and interpret reality 
and support decision making processes (cognitive institutions). These institutions 
constitute a “structure of rules” that provides meaning and stability to social be-
haviours and drives the everyday routine activities (Giddens 1984). A structure 
that is continuously embedded in the course of the action: structure creates routine 
actions, which reinforce structure, which creates actions, and so on in a circular 
process, defined by Giddens “structuration”. In other words, when actions be-
come routines the underlying structure is more and more embedded in the culture, 
and these actions become taken for granted by individuals and societal groups. Us-
ing Ehrenfeld’s words “we become more and more machinelike and less and less 
conscious of the structure that drives actions” (Ehrenfeld 2008).  
If anything changes in this structure of rules, individual and societal groups will 
reproduce their behaviour over and over. Thus, the main issue to be faced in the 
process of introducing and diffusing sustainable PSSs is to understand which 
strategies are the most effective to change the current and dominant institutions. In 
other words we must understand what stimulus could be used to make emerge new 
basic belief, habits, and routines capable to promote PSS-oriented solutions. 
2.6 Sustainable PSS design 
The ideation and development of eco-efficient and sustainable PSSs requires mov-
ing from product thinking to system thinking (Manzini et al. 2001; Manzini and 
Vezzoli 2003). This is essential in order to breakdown the business as usual atti-
tude. This new design attitude can be articulated as follows: 
1. Firstly, a “satisfaction-system” approach is required (Vezzoli 2010). This 
means that the starting point is the satisfaction of a particular customer demand. 
The focus is on designing the combination of products and services associated 
with the fulfilment of a particular customer demand. In other words there is an 
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enlargement of the design scope, from a single product or service to the set of 
products and services capable to fulfil a given demand of satisfaction. 
2. Secondly, a “stakeholder configuration” approach is required (Vezzoli 2010). 
This means that the design approach should focus on designing not only the 
combination of products and services, but also the stakeholder network config-
uration required to produce and deliver the PSS offer. To better explain this ap-
proach it might be useful to draw a parallel with product design. In designing a 
product a traditional designer defines the technical and aesthetic characteristics 
of its components, and their connection systems. In a similar way a PSS de-
signer must imagine innovative types of ‘connections’ (partnerships and inter-
actions) between appropriate components (represented by the socio-economic 
stakeholders) of a system responding to a particular customer demand of satis-
faction. In other words, designing the configuration of a system means under-
standing who are the best socioeconomic stakeholders (components) and what 
are the best interactions and relationships among them (connections). 
3. Thirdly, a “customer-oriented” approach is required. The relationship between 
the customer and the actors producing and delivering the PSS plays a key role 
in the design of an effective PSS (Baines et al. 2007). In fact the early involve-
ment of customer is essential to achieve a PSS offer that responds to customer 
wants and needs (Liuten et al. 2001). It is therefore suggested that customers 
should be treated as innovators, emphasizing a shift towards a value co-creation 
process, whereby professional customers and end-users play an organised and 
important role in the design process (Rocchi 2005; Luiten et al. 2001). 
4. Finally, a “system sustainability” approach is required (Vezzoli 2010). As un-
derlined in the previous sections, not all PSS innovations are eco-efficient 
and/or socially sustainable. Thus it is crucial to appropriately design the stake-
holder network configuration (offer model) in order to make stakeholders eco-
nomically incentivised in improving the environmental and socio-ethical per-
formance of the PSS. 
Looking to the PSS design process from a more operational perspective, sever-
al methods and tools have been developed in the last years to support the design-
ing of eco-efficient and sustainable PSSs.15 The most relevant ones come from the 
results of recently funded European research projects.16 These methods are usually 
organised around four main phases: preparatory phase (or strategic analysis), ex-
ploring opportunities, PSS concept design and PSS engineering.  
                                                          
15
 See for example: Kathalys, method for sustainable product-service innovation (Luiten et al. 
2001); DES, Design of eco-efficient services methodology (Brezet et al. 2001); MEPSS, Method-
ology for Product Service System development (Van Halen et al. 2005); MSDS, Method for Sys-
tem Design for Sustainability (Vezzoli, Ceschin and Cosrtesi 2009; Vezzoli 2010). 
16
 SusHouse (Strategies towards the Sustainable Household, 1998-2000), ProSecCo (Product-
Service Co-design, 2002-2004), HiCs (Highly Customerized Solutions, 2001-2004), MEPSS 
(MEthodology for Product Service System development, 2002-2005), and SusProNet (Sustaina-
ble Product Development Network, 2002-2005. 
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A wide range of tools has been developed in association with these methods 
and can be used to support the whole PSS design process. These tools can be clas-
sified into the following broad categories: tools to analyse and asses strengths and 
weaknesses; tools to support creativity and ideas generation; tools to steer the de-
sign process towards the development of sustainable PSSs (tools to identify the 
sustainability design priorities, to support the ideas generation, to assess the sus-
tainability improvements); tools to support the visualisation of PSSs; tools to facil-
itate and stimulate co-design processes. The methodological toolbox for eco-
efficient and sustainable PSS development is fairly complete. The methods and 
tools developed so far can effectively support designers and companies in the pro-
cess of conceiving eco-efficient and sustainable PSS concepts. However there are, 
especially in relation to the barriers illustrated in the previous section, some im-
portant gaps to be bridged: 
• There is the need to better understand how PSSs can be designed in order to fa-
cilitate customer attraction, acceptance and satisfaction. In particular it is re-
quired to understand which factors influence customer satisfaction, and how it 
is possible to measure and evaluate this satisfaction (Baines et al. 2007). This 
knowledge would be extremely valuable at the design phase, in order to be in-
tegrated in the existing design methods. 
• Available PSS design methods and tools put little (or no) emphasis on the im-
plementation phase. Most of them do not even mention this phase, while other 
only provide general suggestions and guidelines. This is an important gap be-
cause, as previously said, the process of introduction and scaling up is often 
hindered by several barriers. Factors that influence the implementation process 
need to be understood and translated in design approaches, strategies and 
guidelines (Ceschin 2010, 2013, 2014). 
• Design knowledge, methods and tools need to be easily transferred to compa-
nies. Thus research results in this field need to be made available to companies 
and professional designers in a manner that encourages its use in practice. For 
example, in relation to this, Tukker and Tischner (2006b) suggest that the main 
challenge is to organise the available knowledge in an accessible way (includ-
ing training and educational programmes), and develop an open case base in-
cluding PSS concepts for different sectors. 
Within this panorama of potential interventions, the next chapters aim to pro-
vide an answer to bridge the second gap. 
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3 Introducing and scaling up sustainable 
Product-Service Systems: insights from 
transition studies 
 
 
Abstract Building upon transition studies theories and concepts, this chapter illus-
trates how radical innovations take place, and which are the related dynamics, 
processes and influencing factors. The chapter then illustrates the concept of so-
cio-technical experiment and in particular its role in triggering transition process-
es. The text then discusses to which extent the concepts and insights from transi-
tion studies are valuable for the specific characteristics of sustainable PSSs. As a 
result, the chapter puts forward a conceptual framework to describe how the im-
plementation and diffusion of sustainable PSS innovations take place, and ex-
plains, in a coherent way, the main influencing factors (and how they are interre-
lated). The argumentation is accompanied by the illustration of case studies. 
Keywords: Product-Service System, Sustainable development; System innovation; 
Transition studies; Multi-level perspective; Strategic Niche Management; Transi-
tion Management; PSS implementation; PSS commercialisation; Scaling up. 
3.1 Clarifying the concept of system innovation 
3.1.1  Defining system innovations 
System innovations can be viewed as major shifts in the way societal functions 
(such as transportation, communication, housing and feeding) are fulfilled (Geels 
et al. 2004); they therefore refer to the change process, or transition, from one so-
cio-technical system to another. Thus, the concept of system innovation is strictly 
linked to the concepts of transition and socio-technical system. Let us spend a few 
words on these concepts. 
Transition refers to “a change, passage or movement from one state or stage 
to another” (Collins English Dictionary), and to the period of time during which 
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the change takes place. Transitions can of course occur on different levels (e.g. 
transitions at the level of economic systems, at the level of organisations and 
firms, etc.). However, here we are interested on a specific type of transition: tran-
sition at the level of societal functions. Thus, using the words of Rotmans et al. 
(2000), transition is meant here as “a continuous process of societal change, 
where the character of society (or of one of its complex subsystem) undergoes 
structural changes”. 
As previously said, transitions imply changes in socio-technical systems. So-
cio-technical systems can be defined as the elements (and the linkages between 
these elements) needed to fulfil a societal function (Geels 2004a). They include 
technology, regulations, markets, user practices and habits, cultural meanings, pol-
icies, infrastructures, maintenance networks and supply networks (ibid.). Thus, the 
perspective on socio-technical systems is wider than for example the one on indus-
try structures, and includes a broad variety of societal groups: e.g. firms, indus-
tries, users, public authorities, research centres, NGOs, etc.  
In summary, the transition to one socio-technical system to another (system in-
novation) implies a process of change of both the structure of the system and the 
relationship among the actors in the system (Quist 2007). Moreover it takes place 
in the spheres of production, distribution and consumption, and affects the tech-
nical and societal/behavioural dimensions (Elzen et al. 2004). In particular, as 
pointed out by Rotmans and Loorbach (2010), system innovations involve a fun-
damental change in:  
• Structure: the physical structures (infrastructure, technologies, resources, ma-
terials), institutional structures (rules, regulations, power structures) and eco-
nomic structures (market, financing, consumption, production). Changes in 
structure comprise changes in how actors organise the things they do, either 
physically, institutionally or economically. 
• Culture: the sum of shared images, norms and values that together constitute 
the perspective from which actors think and act. Changes in culture comprise 
shifts in thinking, mental models and perceptions; 
• Practices: the sum of activities (routines, behaviour). Changes in practices 
comprise changes in what actors actually do, how they work or behave. 
The characterisation of system innovations as multi-actors processes combining 
both technological and non-technical changes agrees with the descriptions provid-
ed by Quist and Vergragt (2000), who state that system innovations are “compre-
hensive innovations with a long time horizon, requiring (i) the efforts of many 
stakeholders, and (ii) a change of perspective and a cultural shift among these 
stakeholders”. From what it has been said, it is possible to summarise that system 
innovations are characterised by being: 
• multi-actor: they involve a wide range of actors, including firms, industries, 
users, public authorities, governments, research centres, NGOs, etc. (Quist and 
Vergragt 2000; Elzen et al. 2004); 
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• multi-factor: they are not caused by a change in a single factor but are the re-
sult of the interplay of many factors that influence each other; they are a com-
bination of technical, regulatory, societal and behavioural change (Elzen et al. 
2004); 
• multi-level: they implies changes at various levels:5 the micro-level of niches 
(new developments that in the beginning do not fit with an existing system), the 
meso-level of socio-technical regimes (which refer to dominant sets of culture, 
practices and institutions related to a specific field), and the macro-level of the 
socio-technical landscape (which comprises the wider societal, economic and 
political context in which actors interact) (Geels 2002a; 2005a); 
• highly uncertain: they are difficult to be predicted and managed because of 
their complexity and their inherently highly degree of uncertainty (van den 
Bosch et al. 2005); 
• long-term processes: they take relatively very long time to occur because they 
require multidimensional changes (Elzen et al. 2004). 
3.1.2  System innovations and sustainable PSS innovations 
In the introduction of this chapter and in the previous chapters it has been said that 
PSS innovations can be considered system innovations. After having clarified the 
concept of system innovation it must be stressed out that not all sustainable PSS 
innovations are system innovations. There are two main reasons for this. 
The first reason is related to the quality of change. Some PSS innovations can-
not be considered system innovations because they do not bring substantial chang-
es (e.g. in the societal/behavioural and regulative dimensions). For example prod-
uct-oriented PSS (see section 2.2.2) only entails changes in the relationship 
between the company and the customer, while it does not imply changes on other 
dimensions. In general it is possible to state that sustainable product-oriented PSSs 
usually cannot be considered system innovations. On the other hand sustainable 
use-oriented PSSs and result-oriented PSSs usually require multi-dimensional 
changes (e.g. changes in existing customer and user practice, companies organiza-
tional structures, regulative frameworks, culture, etc.), and therefore can be con-
sidered system innovations. 
The second reason is related to the dimension of change or, in other words, to 
the degree of diffusion of the PSS innovation. If a sustainable PSS innovation is 
implemented only by few companies the effects in terms of changes in the socio-
technical system are limited. In this case we cannot talk about a system innova-
tion, rather about a niche innovation that has the potential to become a system in-
novation. In other terms a PSS innovation cannot be considered a system innova-
tion until it becomes part of the mainstream way in which a societal need is 
fulfilled. 
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3.2 System innovation dynamics: the multi-level perspective 
model 
After having clarified the concept of system innovation, the focus of this section is 
on illustrating how system innovations come about and which are their dynamics. 
An often-used model for simplifying the sheer complexity of such long-term and 
multi-actor processes is the Multi-Level-Perspective (MLP) model. In the MLP, 
the dynamics of transitions depend on the interactions between three different lev-
els (Geels 2002a; 2004a; 2005a): the socio-technical regime (meso level), the 
niche (micro level), and the landscape (macro level).17 
3.2.1  Socio-technical regimes, niches and landscape 
Socio-Technical Regimes The socio-technical regime can be understood as the 
dominant way of innovating, producing, distributing and consuming. Geels 
(2004a) defines it as a dynamically stable set of rules carried out by different so-
cial groups. These rules provide orientation and coordination to the activities of 
these social groups, determining the relatively stability of socio-technical systems. 
Thus, social groups, rules and socio-technical systems can be considered the three 
analytical dimensions constituting a socio-technical regime (ibid.). In particular: 
• Social groups refer to a broad variety of actors: firms, industries, users, public 
authorities, research centres, NGOs, etc. Socio-technical systems are actively 
created and maintained by all these social groups. Their activities reproduce the 
elements and linkages in socio-technical systems. Geels (2005a) underlines that 
these social groups have relative autonomy but, on the other hand, they are also 
interdependent and interacting with each other. 
• Rules, or institutions, refer to a shared structure (e.g. values, routines, norms, 
protocols etc.) that guide behaviour of actors and social groups. Scott (1995) 
distinguishes three dimensions of rules: regulative rules, which refer to explicit 
formal rules, which constrain the behaviour of actors and social groups and 
regulate their interactions; normative rules, which refer to value, norms, moral 
and ethical rules, role expectations, duties, rights, responsibilities; cognitive 
rules, which refer to the frame through which meaning or sense is made: they 
help individual and groups to understand and interpret reality and support deci-
sion making processes. 
• Socio-technical systems refer to the elements (and the linkages between these 
elements) needed to fulfil a societal function, and they include technology, reg-
ulations, markets, user practices and habits, cultural meanings, policies, infra-
                                                          
17
 The conceptualisation of the MLP model by Geels builds upon previous work (Kemp, 1994; 
Schot et al., 1994; Rip and Kemp, 1998; Kemp et al., 1998; Van den Ende and Kemp, 1999). 
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structures, maintenance networks and supply networks (Geels 2004a). Socio-
technical regimes are characterised by being relatively stable and resistant to 
change. First, because rules and institutions guide regime actors in a specific 
direction discouraging the development of alternatives (ibid.). Second, because 
actors and social groups are embedded in interdependent networks (ibid.), and 
therefore they are resistant to major changes because they develop webs of in-
terdependent relationships with other actors and social groups (Tushman and 
Romanelli 1985). Third, because socio-technical systems have a certain ‘hard-
ness’ which makes them difficult to change (Geels 2004a); in fact, once tech-
nical systems have been created they are not easily abandoned (Walker 2000). 
This leads to path dependence in socio-technical systems (Geels 2004a). In 
other words this resistance to change results in particular paths or trajectories. 
These trajectories are not only related to technology but also to other dimen-
sions, such as policy, science, culture, market, etc. These trajectories are usual-
ly aligned and go towards similar directions, and this creates stability and resil-
ience. This stability is however of a dynamic kind; this means that innovation 
still takes place but is of an incremental nature (Geels 2004b). However the ac-
tivities of the different social groups and the resulting trajectories may at times 
diverge, leading to maladjustments and tension (Freeman and Louça 2001), and 
instability in socio-technical regimes (Geels 2004b). 
Niches Niches can be described as protected spaces that are ‘isolated’ from the in-
fluence of the dominant regime, where radical innovations can be tested and nur-
tured, become more mature, and potentially challenge and change regime practices 
and institutions. Thus, if socio-technical regimes generate incremental innova-
tions, radical innovations are (usually) developed in niches. Niches are protected 
spaces (protection can come for example from subsidies, tax exemptions, strategic 
investments by companies, etc.) that shield innovations from mainstream market 
selection. Because of this shielded environment, niches act as “incubation rooms” 
for radical novelties (Schot 1998; Kemp et al. 1998). Niches provide protection 
because the selection criteria are different from those in use in the socio-technical 
regime (Geels 2004b). In sum niches are important because they provide locations 
for (Schot 1998; Kemp et al. 1998; Hoogma et al. 2002):  
• experimenting and developing radical innovations deviating from the rules in 
the existing socio-technical regime; 
• learning processes, e.g. about technical specifications, user preferences, public 
policies, etc.; 
• building the social networks to support the innovations. 
As underlined by Geels (2004a) the three analytical dimensions (rules, actors 
and socio-technical systems) also apply to niches, but the difference is the degree 
of stability. In fact in niches not all rules have become stable. There may be a high 
uncertainty about the best design, user preferences, public policy, etc. The same 
can be said about the configuration of the social network, which tends to be in flux 
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(no clear role and relationships, some actors may join the process while other may 
leave, etc.) (ibid.). 
Landscape The landscape is the relatively stable social, economic and political 
context in which actors interact and regimes and niches evolve (Rip and Kemp 
1998). It represents the background for regimes and niches. It includes a set of 
heterogeneous and slow changing factors such as cultural and social values, socio-
economic developments, demographic trends, political and international develop-
ments, etc., but also shocks and surprise events such as wars, rapidly rising oil 
prices or environmental disasters (Geels and Kemp 2000). Landscape can influ-
ence the regime and the niches, but cannot be influenced by them (at least in the 
short term). In other words the landscape is an external context in niches and re-
gimes: while actors can change (to some extent) regimes, it is more difficult for 
them to change the landscape (it is beyond the direct influence of actors and social 
groups) (Geels 2004b). 
Figure 3.1 Multiple 
levels as a nested hi-
erarchy. Adapted 
from Geels (2002a).  
 
 
 
 
 
 
 
 
 
 
The three levels are characterised by a different kind of structuration of activities. 
This level of structuration increases from niches, to regimes and landscape (Schot 
et al. 1998; Geels 2002a): in niches, experimentation activities go in many direc-
tions and social networks are precarious; in regimes, rules are stable and there is 
coordination in the activities of actors; in the landscape there is an even stronger 
structuration, characterised by widely shared cultural belief and values from which 
it is hard to deviate. The relation between the three concepts can be understood as 
a nested hierarchy (see Figure 3.1): regimes are embedded in landscapes, and 
niches within regimes (Geels 2002a). This nested character also means that radical 
changes are not the result of dynamics at any specific level, but occur as linkages 
and interactions between the three different levels (ibid.). For example dynamics 
at the landscape level can put pressure on regimes and result in changes at the re-
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gime level (e.g. the establishment of new policies or the emergence of new user 
practices); changes at the regime level may result in decreasing stability and un-
certainty (Raven 2004), and may create opportunities for novelties (Geels 2002a); 
on the other hand interactions can also go in the other direction, e.g. when radical 
novelties are developed in specific application domains and invade mainstream 
markets (Raven 2005). 
3.2.2  Dynamics in socio-technical transitions 
If socio-technical regimes stay stable and aligned radical innovations have few 
chances to challenge regime practices and remain pinned in particular niches (Rip 
and Kemp 1998, Kemp et al. 2001; Geels 2002a). Radical innovations can break 
from the niche level if the external conditions are right: that is to say when on-
going processes at the level of regimes and landscape produce ‘windows of oppor-
tunity’ (ibid.). Geels (2004a) argues that there may be different causes determin-
ing these misalignments and tensions: 
• Changes on the landscape level may put pressure on the regime and cause in-
ternal restructuring (Burns and Flam 1987). An example is climate change, 
which is putting pressure and is stimulating changes on different sectors (e.g. 
energy, transport and agriculture ones). 
• Internal technical problems in existing socio-technical regimes may contribute 
to stimulate actors to explore new technical directions. 
• Negative externalities and effects (e.g. health risks, environmental impacts, 
etc.) may create pressure on the regime. As underlined by Van de Poel (2000) 
outsiders (such as societal pressure groups, outsiders firms, NGOs, etc.) play a 
crucial role to get negative externalities on the technical agendas of regime ac-
tors. 
• Changing in users preferences (because of e.g. concern about externalities, cul-
tural changes, policy measures such as taxes, discovery of new solutions, etc.) 
may lead to tensions in the regime and to the creation of new markets. 
• Strategic and competitive games between companies may lead to open up the 
regime. For example firms may decide to support a particular niche if they 
think it can bring strategic advantages. 
Using the MLP model, transitions can be conceptualised as follows (Geels 
2002b) (see Figure 3.2).18  
                                                          
18
 Joore (2010) has combined this model with a prescriptive design process, de-
veloping the Multi Level Design (MLD) model, which clarify the mutual relation-
ship between new products and societal change processes.  
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Figure 3.2 The dynamic of transitions. 1) Changes on the landscape level may put pressure on 
the regime. 2) This, combined with a regime internal destabilisation, could bring to a misalign-
ment on the functioning of the regime and create windows of opportunities for radical novelties. 
3) Small networks of actors test, incubate and support novelties on the basis of expectations and 
visions. 4) Novelties get stable and internal momentum increases. 5) Novelties can take ad-
vantage of windows of opportunities. 6) Changes in the socio-technical regime take place. 7) 
New regime influences landscape. Adapted from Geels (2002b).  
 
 
Changes on the landscape level may put pressure on the regime. This pressure, 
combined with a regime internal destabilisation, could bring to a misalignment on 
the functioning of the regime and create windows of opportunities for radical nov-
elties. At the same time, in niches, small networks of actors may test, incubate and 
support radical novelties on the basis of their expectations. In the niche, actors and 
societal groups learn about radical innovations, not only in terms of technical as-
pects but also about user preferences, regulations, policies, etc. Initially this effort 
goes in many directions: there is much uncertainty about design, and this leads to 
a variety of different designs. Continuous experimentation and interactions be-
tween niche actors may lead to a broad community of actors who exchange expe-
rience, best practices and findings. This can lead to gradually stabilise radical in-
novations into a dominant design. The internal momentum increases and novelties 
can take advantage of windows of opportunities. Once the innovation breaks 
through into mass market it start to challenge the existing regime. This may lead 
to wide changes on different dimensions of the socio-technical regime. The new 
regime may influence wider landscape developments. 
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3.3 Socio-technical experiments and their contribution in 
triggering transitions 
3.3.1  Defining socio-technical experiments 
The previous sections have showed the crucial importance of socio-technical ex-
periments in potentially contributing to (learning about) a desired transition. These 
real-life context experiments represent strategic opportunities to develop and bring 
to mature radical (and therefore highly risky) innovations without the direct pres-
sure of the mainstream market selection environment (Kemp et al. 1998; Hoogma 
et al. 2002; Brown et al. 2003; Van der Laak et al. 2007; Raven et al. 2010; Van 
den Bosch 2010). In this sense experiments can be used to: 
• learn and improve the innovation on multiple dimensions, such as the technical, 
economic, market demand, user acceptance, political, regulative, environmen-
tal, and cultural ones; 
• test and develop new institutional configurations (new routines, behaviours, in-
terpretive frames, values, norms, etc.); 
• build up a proper social network to support the innovation. 
Several concepts referring to socio-technical experimentation have been elabo-
rated in the last years. The most diffused ones are: social experiments (Verheul 
and Vergragt 1995), experiments in Strategic Niche Management (Kemp et al. 
1998; Hoogma 2000), transition experiments (Rotmans et al. 2000; Van den 
Bosch 2010), bounded socio-technical experiments (Brown et al. 2003), and ex-
periments in Conceptual Niche Management (Hegger et al. 2007).  
Even if each concept presents its own peculiarities,19 a socio-technical experi-
ment can be described as a partially protected environment where a broad network 
of actors can learn and explore (I) how to incubate and improve radical innova-
tions and (II) how to contribute to their societal embedding.  
Its main characteristics are as follows (Ceschin 2012; Ceschin 2014): 
• Firstly, experiments are conducted with radical innovations: innovations 
that require substantial changes on various dimensions (socio-cultural, techno-
logical, regulative and institutional).  
• Secondly, experiments are not simple tests undertaken inside a company’s la-
boratory but are implemented in real life settings. The idea is that only this 
kind of experience, outside the R&D settings, can truly lead to testing and im-
proving radical innovations. Moreover these experiments take place at a small 
scale but strive to trigger changes at a wider scale. 
                                                          
19
 For a comparison between the various concepts of socio-technical experiments see Ceschin 
(2012: pp. 88-94). 
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• Thirdly, these experiments do not include only the actors more strictly linked to 
the innovation (such as producers, partners and suppliers). Instead, a broad va-
riety of actors is involved, including also users, policy-makers, local admin-
istrations, NGOs, consumer groups, industrial associations, research centres, 
etc. In other words the aim is to recreate a whole socio-technical environment 
in a small scale. In this sense these experiments are characterised by a broad 
participatory approach (i.e. a variety of actors is involved in discussing, negoti-
ating, co-creating and developing the innovation). 
• Fourthly, the experiment is implemented in a space protected from the main-
stream selection environment. The idea is to temporarily shield the innova-
tion from the selection pressure (which consists of markets and institutional 
factors), creating an alternative selection environment. There are different 
forms of protection: financial protection (such as strategic investments by com-
panies, tax exemptions, and investment grants) and socio-institutional protec-
tion (such as the adoption of specific regulations). The crucial dilemma of pro-
tection measures is to find the right balance between the need to nurture the 
innovation and the need to prepare it for the selection pressures of a market en-
vironment (Weber et al. 1999). 
• The aim of these experiments is to learn about and improve the innovation 
on multiple dimensions, not only the technical, economic, market demand and 
usability aspects, but also the political, regulative, environmental, cultural and 
social dimensions. In this sense the innovation is maintained open to continu-
ous adjustments and refinements. In general experiments can also serve to iden-
tify the various resistances and barriers (institutional, regulative, economic, 
etc.) that can potentially hinder the future implementation and diffusion and 
understand how to address them. 
• Moreover, and this is a crucial aspect, socio-technical experiments are not only 
aimed at testing and improving the innovation, but also at stimulating changes 
in the socio-technical context, in order to create the most favourable condi-
tions for the innovation. In other words experiments are also strategically used 
to influence contextual conditions in order to favour and hasten the societal 
embedding process (for example, by influencing local administrations to adopt 
policy measures that support the innovation, or stimulating potential users to 
change their behaviours and routines). 
3.3.2  Mechanisms through which socio-technical experiments 
can contribute to transitions 
The previous sections showed the crucial importance of socio-technical experi-
ments to potentially contribute to transitions, and provided an overview on the 
main concepts related to socio-technical experimentation. At this point the ques-
tion is: through which mechanisms does a socio-technical experiment contribute to 
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a transition? Van den Bosch, in her PhD thesis, identifies three main mechanisms 
through which socio-technical experiments can contribute to transitions (Van den 
Bosch 2010): deepening, broadening, and scaling-up.20 21 It must be stressed out 
that these mechanisms are not related in a sequential or chronological way, but can 
act upon an experiment simultaneously. 
Deepening Deepening means learning as much as possible about an innovation 
within a specific context. Deepening enables actors to learn about local shifts in 
culture (ways of thinking, values, reference frameworks, etc.), practices (habits, 
ways of doing things, etc.) and institutions (norms, rules, etc.). In other words ex-
periments are used to test and improve the innovation on multiple dimensions (not 
only the technical and economic ones, but also for example the cultural, regulative 
and institutional ones). 
It has also to be underlined that within a socio-technical experiment learning is 
characterised as contextual (Van den Bosch and Taanman 2006): the same exper-
iment in another context with different actors would possibly lead to different out-
comes. As a consequence learning process within an experiment is partial because 
what is learnt is limited to the specific contextual conditions (Van den Bosch 
2010). 
The result of deepening is the development and reinforcement of the deviant set 
of culture, practices and institutions related to the innovation. 
Broadening The second important mechanism is broadening, that means replicat-
ing the innovation in different context and linking it to other projects and initia-
tives. Since learning within an experiment is limited, experiments should be re-
peated in other contexts, in order to learn about different designs in different 
settings. 
Broadening is related to the idea that different experiments, carried out simul-
taneously, can build on each other and gradually reinforce themselves (Raven 
2005; Geels and Raven 2006). Within this perspective it is also important to 
strength synergies with other local similar projects and initiatives. 
In this respect Meroni (2008) and Jegou (2011) speak about “synergizing” or 
“acupunctural planning”, a set of synergic self-standing local experiments that, 
adopting as a metaphor the practice of the traditional Chinese medicine, aim to 
generate changes in large and complex systems operating on some of their sensi-
ble nodes.22  
                                                          
20
 The mechanisms deepening, broadening and scaling-up were first described in (Rotmans and 
Loorbach 2006) and elaborated by Van den Bosch and Taanman (2006), and Van den Bosch and 
Rotmans (2008). 
21
 Of course not all socio-technical experiments contribute to these three mechanisms. Experi-
ments have to be properly conceived and managed in order to do so. 
22
 Example of such kind of interconnected and synergetic experiments can be found in the Feed-
ing Milano project, aimed at prototyping and implementing a network of “0 miles” food related 
services between the city of Milan and the peri-urban area known as Agricultural Park South Mi-
lan (Simeone and Cantú 2011; Cantú 2012). 
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Through processes of broadening the deviant set of culture, practices and insti-
tutions is (I) tested and extended to a variety of contexts and (II) linked to other 
existing projects and initiatives. 
Scaling-up Scaling-up, the third important mechanism, means to embed the inno-
vation in dominant ways of thinking, doing and organising. Scaling-up relates the 
socio-technical experiment to the regime. It is a process in which the innovation 
gains more influence and stability and gradually become part of the dominant way 
in which a societal need is satisfied. Scaling up takes place in many intermediate 
steps through which initially small changes in niches can eventually grow to 
broader changes in the dominant culture and practices of the regime (Van den 
Bosch and Rotmans 2008). In other words scaling-up relates to moving the inno-
vation (and its initially deviant socio-technical practices) from a local experi-
mental level to a mainstream level. 
As underlined by Van den Bosch (2010), scaling-up is less about scaling up 
products, services or users and more about scaling up perspectives, ways of think-
ing, routines, legislation, institutions, etc. Through scaling-up, socio-technical ex-
periments can thus influence the way societal needs are fulfilled in a more sustain-
able direction (ibid.). 
3.3.3  Socio-technical experiments as labs, windows and agents of 
change 
On the basis of the above considerations, socio-technical experiments can enhance 
the process of transitioning to sustainable radical innovations because they can 
simultaneously act as (Ceschin 2010; Ceschin 2012; Ceschin 2014): 
• Labs, to test, learn about and improve the innovation on multiple dimensions 
(technical, usability, regulative, political, economic, and socio-cultural) and in 
relation to different contexts (in order to learn about different PSS configura-
tions in different settings);  
• Windows, to raise interest in the innovation project and the related actors, dis-
seminate results, build up synergies with existing similar projects/initiatives, 
and attract and enrol new actors (e.g. new users or potential partners); and 
• Agents of Change, to influence contextual conditions in order to promote and 
quicken the societal embedding process. Experiments should be conceived to 
introduce and diffuse new ideas and knowledge to the community and stimulate 
various social groups (users, public institutions, companies, etc.) to change 
their perspectives, beliefs, and lifestyles. Experiments should in fact represent a 
stimulus to induce actors to change their behaviours and interpretative frames 
(for example, they can stimulate users to change their routines or push govern-
mental institutions to implement proper policy measures to favour the PSS in-
novation). 
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3.3.4  Dynamics in socio-technical experiments (and niches 
formation) 
It is important to underline that even if they can hold great promise, several radical 
innovations never move from a local experimental level to the mainstream level. 
So, why certain innovation journeys are a success and other a failure? What does 
it contribute to increase the chances of success? Many scholars explain success 
and failure through analysing the interaction between what has been named three 
internal niche processes (Kemp et al. 1998; 2001; Hoogma 2000; Hoogma et al. 
2002; Raven 2005): the process of building the social networks, the process of 
articulating expectations and visions, and the learning process. In this section I 
will briefly illustrate how these processes are interrelated, while in the subsequent 
ones I will elaborate on each single process. 
Figure 3.3 The dynamics in socio-technical experiments. Adapted from Geels and Raven (2006). 
 
The interactions between the three processes are illustrated in Figure 3.3, and 
described by Geels and Raven (2006) as follows. Actors, embedded in networks, 
invest resources (money, people) in projects only if they have a shared positive 
expectation of a new innovation. This shared expectation provides a direction to 
the project and to the experiments. The outcomes of experiments produce learning 
processes, which are used to adjust previous expectations and enrol more actors to 
enlarge the social network. If outcomes of learning processes are positive (i.e. the 
initial expectation is validated) a new development cycle can be initiated (e.g. new 
experiments can be implemented). Expectation and shared rules remain stable, but 
become more detailed. Positive outcomes also facilitate the enrolment of new ac-
tors (potentially resulting in more available resources). If outcomes are below ex-
pectation, trust in the new innovation diminishes, expectations decline, and the so-
cial network may break up (potentially resulting in less available resources). In 
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response to these negative outcomes actors tend to redirect the project (i.e. come 
up with new expectations and visions), changing the innovation journey course. 
In short, the success of socio-technical experiments heavily depends on how 
the three processes are managed. The better these three processes are managed, the 
greater the possibility that experiments can develop into a market niche, influence 
and transform the existing regime or become a viable alternative to it. The follow-
ing sections focus on these three processes. 
Building up Social Networks In socio-technical experiments, and in the process 
of niches formation, the network composition plays a crucial role. This network is 
important to protect, support and foster radical innovations. Initially the network 
can be limited and fragile, meaning that few actors are involved in developing the 
innovation; if experimental activities meet the initial expectations the network can 
expand and become more stable. Raven (2005) points out that initially, actors’ 
commitment to the project can be limited because they do not yet have many vest-
ed interests and withdrawal does not result in large losses. Moreover, in the begin-
ning the network is usually unstable, meaning that the role of actors and their rela-
tions may be unclear. Only in the course of time, when more experience is gained, 
the role of actors and their relations becomes clearer. 
However, the key issue is to clarify which characteristics the network of actors 
should have in order to be considered good. The first characteristic is that the net-
work should be broad, including not only the stakeholders more directly linked 
with the innovation (such as firms, partners, users, etc.) but also other relevant 
stakeholders from the science, policy and societal domains (e.g. research centres, 
governmental institutions, NGOs, special interest groups, etc.) (Raven 2005). In 
other terms the network should be heterogeneous and characterized by scientific, 
social, economic, politic and cultural linkages.27 
Hoogma (2000) argues that socio-technical experimentation and niche devel-
opment require actors who are willing to invest in maintaining or expanding the 
niche for long time, even when short-term market value is absent (for example ac-
tors such as large firms). On the other hand Kemp et al (1998) point out that these 
actors may also have vested interested in the incumbent regime, and therefore 
could be interested in slowing down the development process or orient it towards 
more incremental than radical innovations. Therefore, as suggested by Tushman 
and Anderson (1986) the involvement of actors that have no strong ties with the 
dominant regime is important (e.g. new firms or firms from other sectors), because 
they are more interested in introducing radical innovations. On the other hand 
these actors may have limited resources and therefore may not be able to maintain 
niche development for a long time. 
On the same line of thought of Tushman and Anderson, Van de Poel (2000) ar-
gues that outsiders (with respect to the dominant regime) are needed in a network, 
because they do not share the current regime institutions and practices and there-
fore they may contribute in the development of innovations that deviate from that 
regime. In particular he suggests the involvement of three groups of outsiders: out-
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siders firms (because they can mobilise knowledge and financial and managerial 
resources to develop such alternative innovations), scientists (because they can in-
troduce radically new designs, criteria, approaches and concepts), and societal 
pressure groups (because they have the potential to mobilise public opinion and 
insiders in the regime). 
Weber et al. (1999) also state that insiders should be involved, and in particular 
that government support and protection can be of crucial importance: in the start-
up phase in order to give experiments legitimacy and stability; and in the subse-
quent phases, in order to create widespread support for scaling up the new practic-
es and institutions related to those experiments. In relation to the scaling up pro-
cess, Van den Bosch and Rotmans (2008) also point out that key stakeholders to 
be involved are actors that have the power and willingness to directly influence 
the dominant culture, practices and institutions (such as Ministries, policy makers 
and politicians, etc.), and actors that (in)directly may influence the regime because 
they have an interest in embedding new sustainable practices in society (such as 
NGOs, frontrunners in a sector or policy domain, etc.). 
The active involvement of users in all the stages of the innovation process, ra-
ther than considering them merely as sources of information, is of course key im-
portant (Von Hippel 1988; Hoogma and Schot 2001). Moreover Hoogma (2000) 
also argues that the actors that are affected by the impact of the innovation, but 
that do not use the innovation themselves, should be involved (examples are 
neighbouring residents in the case of wind turbines, or environmental groups that 
represent general societal concerns). 
In short, there is not a recipe to build a proper network of stakeholders, but in 
general it can be suggested to develop a broad network with a mix of insider and 
outsider actors. In general a broad stakeholder involvement is important because 
(Van de Kerkhof 2004): 
1. it can legitimate decisions, as more stakeholders have been involved; 
2. it can increase accountability, as the stakeholders involved have become co-
responsible for the decision and related activities and action plans; 
3. it can contribute to increase the richness of the process, due to the input a wider 
range of viewpoints, interests, information and expertise about the topic under 
consideration. 
It must be stressed out that the involvement of a wide number of stakeholders 
in decision processes may also lead to management problems. For example stake-
holders could defend their own interests rather than the network ones (Van de 
Kerkhof 2004). Moreover, management can be further complicated by tactical and 
strategic behaviour by stakeholders in decision-making processes (e.g. stakehold-
ers can form alliances and have hidden agendas, or they can try to delegitimize 
other actors) (De Bruijn et al. 2002). Even for these reasons Van de Kerkhof and 
Wieczorek (2005) emphasise the need for a network manager (neutral to the con-
tent of the transition process, but well acquainted with the issues at stake and the 
related activities) capable to facilitate the process of selecting and managing the 
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participants in the arena. Finally it is important to underline that the network 
should be managed dynamically because different stages of a societal embedding 
process require different network compositions (Weber et al. 1999). For instance 
some actors may have more relevance in the first phases and disappear in the fol-
lowing ones (e.g. a public administration can be involved only in the beginning in 
providing incentives and protection to the innovation). 
The second network characteristic that has an influence in the outcomes of so-
cio-technical experiments and niche development is the alignment of actors’ ac-
tivities. This alignment refers to the degree to which actors’ strategies, expecta-
tions, beliefs, practices and visions go in the same direction (Raven 2005). 
Different actors may have different expectations and visions about the purpose of 
an innovation, thus there is the possibility that their strategies may diverge consid-
erably (ibid.). It is therefore important to avoid this misalignment. Rip (1995) sug-
gests that the involvement of public authorities and other general interest actors, or 
relatively independent actors, can increase alignment in a network. Moreover 
alignment is also facilitated through regular interactions between the actors 
(Hoogma 2000), and by the collective development of visions and agendas. 
Articulating Expectations and Visions As we have seen in the previous section, 
the process of experimenting and embedding radical innovations in the society re-
quires the involvement of many actors from different domains. These actors may 
hold different visions of the future and different expectations about a particular in-
novation. Therefore it becomes fundamental to manage the diversity of expec-
tations, and their negotiation and alignment (Raven et al. 2008). The convergence 
of actors’ expectations is important in order to give strategic orientation and legit-
imacy to the innovation development (Kemp et al. 1998; Raven 2005), and in or-
der to attract new actors and resources (Raven 2005). This is particularly true in 
the first experimental stages when the innovation is still in early development and 
the network of actors is usually unstable and fragile. 
The creation of a shared long term vision can contribute to align actors’ expec-
tations, and therefore to formulate agendas and action plans, and coordinate the 
strategies of the actors involved. Future visions, especially if generated in a partic-
ipatory or collective process, can in fact be seen as shared constructions that may 
have the potential to guide actors and provide an orientation for joint action (Grin 
and Grunwald 2000; Quist et al. 2001). The power of a vision is that it can consti-
tute at the same time a vehicle for interaction, communication, explanation and 
discussion among actors, and a vehicle for broader reflection on normative choices 
and effects (Dierkes et al. 1996). Moreover, a shared vision makes it possible to 
unite actors from different backgrounds (ibid.); and this is important because radi-
cal innovations require the linking of many different actors and networks, and the 
integration of knowledge from different fields. Smith et al. (2005) propose five 
functions of future visions for system innovations and transitions: 
• Mapping a ‘possibility space’: visions identify a set of plausible alternatives for 
socio-technical systems providing societal functions. 
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• Providing a heuristic: visions act as problem-defining tools by pointing to the 
technical, institutional and behavioural problems that need to be resolved. 
• Providing a stable frame for target setting and monitoring progress: visions 
stabilise technical and other innovative activity by serving as a common refer-
ence point for actors collaborating on its realisations. 
• Providing a metaphor for building actor-networks: visions specify relevant ac-
tors (including and excluding) acting as symbols that bind together communi-
ties of interest and of practices. 
• Providing a narrative for focusing capital and other resources: visions become 
an emblem that is employed in the marshalling or resources from outside an in-
cipient regime’s core membership. 
It has however to be underlined that expectations are not fixed (Van Lente 
1993; Hoogma 2000; Raven 2005): actors can change their views and expecta-
tions, as result of the negotiation processes with other actors, but also in reaction 
to changes in the external environment. As a consequence the long term vision is 
continuously subjected to refinement and re-orientation. In other words this re-
quires interpretative flexibility of the vision, enabling actors to align the vision 
with their own interests (Berkhout 2006). 
Finally it has to be underlined that outcomes from experiments may change ac-
tor expectations (Hoogma 2000). If outcomes are positive, experiments can in-
crease the robustness of expectations, because they may contribute to stabilise 
them. In other words expectations get more robust if they are increasingly based 
on tangible results from experiments. 
Learning Processes Learning takes place when individuals assimilate new infor-
mation and apply it to their subsequent actions (Hall 1993). It is therefore crucial 
in the process of inducing changes towards the adoption and diffusion of radical 
innovations, in which new basic belief, behaviours and rules are required (Van de 
Kerkhof and Wieczorek 2005). In fact, as underlined by Van den Bosch (2010) the 
learning process in experiments is aimed at contributing to develop new ways of 
thinking (culture), doing (practices) and organising (structure). An adequate learn-
ing process is considered key important in socio-technical experiments, because it 
enables adjustments of the innovation and increases chances for a successful dif-
fusion (Raven et al. 2010). 
Two main characteristics are considered important in a proper learning process. 
Firstly, the learning process should be broad (Weber et al. 1999; Hoogma et al. 
2002), focusing on many dimensions of the problem: not only the technical and 
economic aspects of the innovation, but also the cultural (societal beliefs, values 
and habits), regulative (government policy and regulatory frameworks), and insti-
tutional (rules and norms) ones. In particular Hoogma et al. (2002) distinguish five 
main learning dimensions on which actors should focus in socio-technical experi-
ments: 
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• Technical development and infrastructure: this includes learning about design 
specifications, required complementary technology/products/services and infra-
structure. 
• User: this includes learning about user characteristics, their requirements and 
the meanings they attach to a new innovation and the barriers to use they en-
counter. 
• Societal and environmental impact: this entails learning about safety, energy 
and environmental aspects of a new innovation; 
• Industrial development: this involves learning about the production and 
maintenance network needed to broaden dissemination; and 
• Government policy and regulatory framework: this involves learning about in-
stitutional structures and legislation, the government’s role in the introduction 
process, and possible incentives to be provided by public authorities to stimu-
late adoption. 
Secondly, learning should be reflexive (Hoogma and Schot 2001; Raven 2005; 
Kemp and Van den Bosch 2006), implying that both first and second order learn-
ing occur. First order learning concerns new insights on how to solve a given 
problem, without changes in problem definitions (e.g. learning about the effective-
ness of a certain technology to achieve a specific goal). Second order learning 
concerns new insights at a higher level with regard to problem definitions, norms, 
values, goals and convictions of actors, and approaches on how to solve the prob-
lem (Brown et al. 2003). As underlined by Hall (1993) second order learning leads 
to a paradigm shift, a change in the problem definition, basic assumptions, norms, 
values and interpretive frames which govern the decision-making process of indi-
viduals, communities and organizations. Second order learning is crucial in transi-
tion processes because it represents a condition for implementing radical innova-
tions. In fact, when learning results in changes in mental frameworks of actors and 
social groups, this increases the space for behavioural alternatives available to 
these actors and social groups 
3.4 Introducing and scaling up sustainable PSSs: companies’ 
experiences and a conceptual framework 
Previous sections have provided interesting insights on the dynamics that drive 
system innovations. In particular it emerged that (sequences of) socio-technical 
experiments can play a crucial role in triggering transitions, and that a proper 
management of these experiments can increase the possibility that experiments 
can develop into a niche, and influence and transform the existing regime (or be-
come a viable alternative to it). In order to increase these chances it is emphasised 
the importance of: (I) building broad social networks; (II) articulating and align-
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ing actors expectation into a shared long-term vision; and (III) creating room for 
broad and reflexive learning processes. 
At this point the question is: to what extent these insights are relevant and 
valuable for the specificities of sustainable PSS innovations?  
In seeking to answer to this question the following text discusses which in-
sights from transition studies are relevant for the specificities of sustainable PSS 
innovations. Building upon this discussion this section then presents a conceptual 
framework on how sustainable PSS innovations take place (and which are the in-
fluencing factors). The framework provides a structured overview of the factors 
considered important to increase the chances for a successful societal embedding 
process. A case studies analysis, investigating the innovation journeys made by six 
companies in introducing their eco-efficient PSS concepts in the market, is then 
used to validate and refine the framework. 
3.4.1  Insights from transition studies and their relevance in 
relation to sustainable PSS innovations 
Socio-Technical Experiments The implementation of socio-technical ex-
periments, to test the technical, social, political and economic configuration of the 
innovation, and favour its societal embedding, could represent a potentially prom-
ising strategy for companies who want to shift towards a PSS oriented approach. 
The implementation of field tests and pilot projects, in order to learn about the 
technical and usability aspects of a solution, is a common strategy adopted by 
companies to test their innovations. However, the concept of socio-technical ex-
periment does not refer to simple tests exclusively aimed at learning about the 
technical and usability aspects. It refers to a broader concept: a crucial emphasis is 
in fact given to the setting up of protected environments, to learning and improv-
ing the innovation on multiple dimensions (not only the technical, economic, mar-
ket demand and usability aspects, but also the political, regulative, environmental, 
cultural & social ones), to stimulate and influence changes in the socio-technical 
context (in order to favour niches formation), and to the involvement of a wide 
range of actors. Thus, the adoption of this concept by PSS companies (and in gen-
eral by PSS promoters) requires a completely new strategic attitude, focused not 
only on the PSS innovation (and how to test and improve it), but also on the socio-
technical context (and how to influence it in order to create the most favourable 
conditions for the innovation). 
Building Broad Social Networks In socio-technical experiments, and in the pro-
cess of niches formation, the network composition plays a fundamental role. In 
fact the establishment and development of a broad socio-economic network, char-
acterised by scientific, social, economic, politic and cultural linkages, is recog-
nised a crucial process to protect, support and foster radical innovations. In sus-
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tainable PSS innovations the network of stakeholders that produces and delivers 
the solution represent a fundamental aspect because its configuration determines 
the sustainability potential of the PSS (in relation to this see section 2.3). There-
fore, for companies that want to adopt a PSS-oriented approach, network building 
is a crucial activity. However, transition scholars suggest to focus not only on the 
actors directly linked to the PSS solution (partners, suppliers, customers, etc.) but 
also on the actors that could provide support and protection to that solution (public 
administrations, governments, NGOs, etc.). As a consequence, a broader system 
approach should therefore be adopted by PSS promoters: they should focus not 
only on the PSS solution and its value chain, but also on the contextual conditions 
that may favour the societal embedding of the PSS innovation, and on the actors 
that could be involved to support this process. 
Articulating and Aligning Actors’ Expectation into a Shared Long-Term Vi-
sion As showed in the previous section, the creation of shared long term visions 
can help to align actors expectations and provide strategic orientation to the pro-
cess of experimenting and embedding radical innovation in the society. The de-
velopment of project visions, to be used as guides to formulate strategies and per-
suade potential partners and stakeholders, is a common activity done within 
companies (Marzec 2007). In relation to sustainable PSS innovations, the vision 
usually consists in a PSS idea or concept (Vezzoli 2007), which includes the gen-
eral characteristics of the new business model, a sketch of the journey to achieve 
that vision, the motivations to develop it, and its potential benefits (ibid.). These 
visions are mainly used to communicate the PSS concept inside the company (e.g. 
to different departments) or outside (e.g. to project partners, customers, etc.). If a 
broader network of actors is involved in the process (as transition studies scholars 
suggest), the vision should be built in order to take in consideration also their per-
spectives and their potential roles. 
Creating Room for Broad and Reflexive Learning Processes In relation to 
learning, broad and reflexive learning processes are considered crucial in the pro-
cess of inducing changes towards radical innovations. As previously stated, the 
implementation of field tests and pilot projects, in order to learn about the tech-
nical and usability aspects of a solution, is a common strategy adopted by compa-
nies to test their innovations. However this learning approach is usually limited, 
and does not include other important dimensions such for example the cultural, 
regulative and institutional ones. Therefore the challenge for companies should be 
to broaden learning processes in order to include also these other dimensions. In 
relation to sustainable PSSs, this means that socio-technical experiments should be 
also used by companies to learn about the different contextual factors that could 
influence the innovation (e.g. learn about policy measures to promote the PSS, 
learn about the different barriers that could hinder the implementation of the inno-
vation). The second challenge for companies is to induce learning (in particular 
second order learning) in other socio-economic actors (e.g. stimulate users in 
changing their habits, stimulate administrations in implementing appropriate poli-
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cy measures, etc.). This means that companies should strategically try to influence 
context conditions in order to favour the adoption and diffusion of their PSS inno-
vation. 
3.4.2 A conceptual framework 
Building upon the insights from transition studies (and their adaptation to the spe-
cific characteristics of sustainable PSS innovations), a conceptual framework is 
developed. It provides a comprehensive description on how eco-efficient PSS in-
novations take place and hypothesises the critical factors that have an influence on 
the process (see Figure 3.4). In summary, the entry point of a sustainable PSS in-
novation is a project vision (I): a PSS idea or concept developed to overcome a 
societal/business challenge. This project vision provides a direction to the societal 
embedding process (II), in which a broad network of actors (III) experiments and 
learns how the project vision can be met. The societal embedding process is based 
on the implementation of small scale socio-technical experiments, the develop-
ment and empowerment of a niche, and the scaling up of the PSS innovation (and 
its related new set of culture, practices and institutions) in the regime. The process 
is characterised by dynamic adaptation: what is learned by actors leads to a con-
tinuous and mutual adjustment of the transition path, the project vision and the ac-
tor network itself (IV). 
As illustrated in the previous sections, the setting-up of sequences of socio-
technical experiments represents a promising strategy to support, hasten and ori-
ent the incubation, testing and maturation of radical innovations. In other words 
the process of introducing and scaling-up radical innovations should be seen as a 
transition path, characterised by: 
• an incubation phase, in which the conditions needed to start the societal em-
bedding process are set up. 
• a socio-technical experimentation phase, in which experiments are undertaken 
with the aim of learning and exploring how to improve the PSS innovation and 
how to contribute to its societal embedding. 
• a scaling-up phase, in which the PSS innovation (and the related new practices, 
behaviours and institutions) increases its momentum and begins to influence 
the socio-technical regime (the initially unusual PSS innovation increasingly 
becomes part of the dominant way in which a societal satisfaction is fulfilled). 
The literature review also showed that in this transition process a crucial role is 
played by the establishment and development of a proper network of actors: a 
broad and dynamic network capable to protect, support and foster the innovation.  
It is also fundamental to build-up a long-term vision, shared among the actors 
involved in the project. In fact a shared project vision provides a direction to the 
societal embedding process and therefore a direction to stakeholders’ actions. Pro-
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ject visions are therefore important because they can be used as guides to formu-
late strategies, but also to attract and persuade new potential partners and stake-
holders to join the project. 
Finally, it is crucial the creation of room for broad learning (learning on many 
dimensions of the problem), and reflexive learning (learning resulting in changes 
in actors’ reference framework, beliefs, behaviours, practices etc.). 
Building upon these insights, Table 3.1 resumes the expected critical factors 
(based on the literature review) that can influence the process of societal embed-
ding of eco-efficient PSS innovations. They are grouped in four clusters (societal 
embedding process, actor network, project vision, learning process) and positioned 
in Figure 3.4. 
Figure 3.4 Conceptual framework for the introduction and scaling up of sustainable PSS innova-
tions. Numbers indicate the expected factors that can influence the process (see also Table 3.1). 
Source: Ceschin (2012; 2013). 
 
 
Table 3.1 List of the expected critical factors that can influence the process of societal embed-
ding of sustainable PSS innovations. Expected factors are grouped in four main clusters. For 
each expectation it is reported the main source from which the expectation is drawn. Source: 
Ceschin (2012; 2013). 
 Expected factors (in successful projects it is expected that…) Source 
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Societal embedding process 
EF1 One or more socio-technical experiments are implemented  
EF2 Socio-technical experiments contribute to learn on many dif-
ferent dimensions (e.g. technical, user acceptance, political, 
regulative, cultural and social acceptance, etc.) 
Kemp et al. 1998; 2001; 
Hoogma 2000; Hoogma et 
al. 2002 
EF3 Socio-technical experiments contribute to influence the socio-
technical context in order to stimulate the societal embedding 
of the PSS innovation 
Kemp et al. 1998; 2001; 
Hoogma 2000; Hoogma et 
al. 2002 
EF4 Socio-technical experiments are initially implemented in an 
environment protected from the mainstream market selection 
(financial protection)  
Kemp et al. 1998; Weber 
et al. 1999; Hoogma et al. 
2002 
EF5 Financial protection of socio-technical experiments is gradual-
ly dismantled during the scaling-up process, while institutional 
protection is reinforced and transferred into mainstream set-
tings 
Geels and Raven 2006; 
Rotmans and Loorbach 
2006 
EF6 Scaling up is supported by repeating the experiment in a varie-
ty of contexts, and linking the experiment/s to other functions 
or domains  
Schot and Geels 2008 
EF7 Scaling-up is favoured if there is an alignment of the niche 
with events and developments in the landscape 
Geels 2005b 
Actor network 
EF8 The stakeholder network is broad (partners, suppliers, users, 
but also policy makers, governmental agencies, NGOs, re-
search centres, media etc.) 
Hoogma and Schot 2001; 
Raven 2005; Kemp and 
van den Bosch 2006 
EF9 The stakeholder network includes both insiders and outsider 
actors (with respect to the dominant regime) 
Van de Poel 2000; Van 
den bosh and Rotmans 
2008 
EF10 Support and protection from governmental and public institu-
tions could provide legitimacy and stability to the project 
Weber et al. 1999 
EF11 The involvement of actors that have the power and willingness 
to directly influence the dominant regime (such as Ministries, 
agencies that develop protocols and standards, policy makers, 
politicians, directors, etc.) contributes to support the PSS ex-
perimentation and scaling-up 
Van den bosh and Rot-
mans 2008 
EF12 The involvement of actors that indirectly influence the regime 
because they have an interest in embedding sustainable prac-
tices in society (such as NGOs, sustainability ambassadors, 
frontrunners in a sector or policy domain, etc.) contributes to 
support the PSS experimentation and scaling-up  
Van den bosh and Rot-
mans 2008 
EF13 The network composition is kept open to adjustment Weber et al. 1999 
Project vision 
EF14 Actors expectations are aligned on a shared project vision and 
this contribute to develop a common and coordinated strategy 
Kemp and Rotmans 2004 
EF15 The involvement of different actors in the development of the 
project vision (participatory approach) can contribute to build-
up a shared vision 
Kemp et al. 1998; Kemp 
and Rotmans 2004; Raven 
2005 
EF16 The development of a clear and robust project vision can con- Raven, 2005 
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tribute to attract relevant actors and resources 
EF17 The project vision is kept open to adjustment Van Lente 1993; Hoogma 
2000 
Learning processes 
EF18 Learning is broad: learning about the different dimensions of 
the innovation (e.g. institutional, technological, socio-cultural, 
environmental, economical)  
Raven 2005 
EF19 Learning is reflexive: there is attention for questioning under-
lying assumptions such as social values, and the willingness to 
change course if the innovation does not match these assump-
tions 
Raven 2005 
EF20 Reflexive learning is facilitated by the involvement of an het-
erogeneous set of different actors in the network 
Hoogma and Schot 2001 
3.4.3 Insights from companies’ experience 
In order to validate and refine the previously presented conceptual framework, a 
case studies analysis was undertaken.23 The case studies analysis was structured in 
six steps (adaptation from Yin (1994)): 
1. Conceptual framework development: a first version of a conceptual framework 
was developed to provide a description of how eco-efficient PSS innovations 
take place and which factors influence that process. It represented the theory 
against which the cases were tested. 
2. Cases selection: Cases are related to the innovation journeys made by six com-
panies in introducing their PSS innovations24 in the market. In particular two 
contrasting groups of cases can be identified: successful and unsuccessful ones. 
In this research a case is considered successful if the result of the innovation 
journey is (at least) the setting up of market niche in which the innovation is 
commercialized. Moreover, in order to obtain a broader picture of the phenom-
enon and facilitate the generalizability of results, heterogeneous cases were se-
lected; in fact selected PSS innovations differ in terms of business sector and 
companies size. Table 3.2 provides a brief description of each case. 
3. Data collection methods: In order to enhance the validation of the collected da-
ta, the case studies relied on triangulation (Yin 1994): multiple methods for col-
lecting data were used to verify that all sources converged on the facts of a 
case. Within this research the sources of information are constituted by primary 
research data and/or secondary sources. Primary sources of data include ques-
tionnaires and semi-structured interviews with relevant companies’ personnel 
                                                          
23
 This case studies research is deeply discussed in Ceschin (2013). 
24 The PSS innovations selected are use-oriented PSS and result-oriented PSS. Product-oriented 
PSS have not been included in this study because they usually cannot be considered radical in-
novations and therefore they can be implemented using consolidated management strategies. 
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(e.g. CEOs, directors, project managers, etc.). Secondary sources include com-
panies’ internal documents, scientific papers, and case studies made by other 
researchers. 
4. Data analysis and cases description: collected data were analysed, selected and 
reduced, and used for the cases descriptions. A deductive approach was cou-
pled with an inductive one. Firstly, the conceptual framework was used to ex-
amine if the factors identified in literature found a correspondence in the single 
cases (deductive reasoning). Secondly, the data collected from each case were 
used to hypothesise new relevant factors that were not identified in the litera-
ture analysis (inductive reasoning). 
5. Cross case analysis: After describing the single cases and examining the inter-
relationship among the factors within each case, a comparison across the cases 
was undertaken. The aim was to verify if the identified factors were confirmed 
or rejected, and identify similarities and patterns among cases. 
6. Conceptual framework validation and refinement: The results of the cross case 
analysis were used to validate and refine the conceptual framework built upon 
the literature review. 
The following text, based on Ceschin (2013), reports the results of the case 
studies research. For each of the four clusters it is discussed if the expected factors 
have been confirmed or not, and if new factors have emerged from the cases. 
Table 3.2 Overview of the cases analysed. For each case a brief description of the PSS innova-
tion and its implementation and diffusion process is provided (B2B: Business to Business; B2C: 
Business to Customers; B2G: Business to Governments). Source: Ceschin (2012; 2013). 
PSS innovation 
CLEAR CHANNEL OUTDOOR, SmartBike, USA  
B2C, Use-oriented PSS, Successful case 
Description of the PSS. SmartBike is a bike sharing system through which users can rent spe-
cifically designed bikes on a per minute basis. SmartBike is thought to be an alternative and in-
tegrative mean of transport, to be used for short trips supplemented by local public transport ve-
hicles. About the organisation of the system, usually the local municipality (sometimes together 
with the local public transport company) covers the initial costs: the ones related to produce 
bikes and bike stations. Clear Channel Outdoor manages the service (and the related costs and 
revenues).  
Brief description of the implementation and diffusion process. The solution was ideated in 
1997. Initially the concept was proposed to several municipalities. After some rejections, in 
1998 the concept was implemented as a small pilot project in the city of Rennes (France). This 
pilot was key important because gave the opportunity to test and improve the innovation (both 
from a technical and user acceptance point of view), and also to involve new actors (synergies 
were established with the local public transport company), and attract the interest of new users 
and other municipalities. In 1998 the system was scaled up in a full operational service and from 
2001 replicated in 15 cities around the world. 
EGO, Ecologico Guardaroba Organizzato, Italy 
B2C, Use-oriented PSS, Successful case 
Description of the PSS. EGO is a system for the shared use of dresses among a limited number 
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of women. User, after the subscription, selects 14 clothes (from a sample book) to be inserted in 
the “shared wardrobe” (currently the “shared wardrobe” includes 120 models, grouped in 8 dif-
ferent styles). Once a week user selects and picks up 7 dresses, and at the same time brings back 
the dresses used during the previous week. User pays an annual registration fee plus a monthly 
subscription. EGO takes care of washing and maintenance. EGO not only manages the service 
but also designs the dresses and manages the manufacturing (outsourced to other Italian compa-
nies).  
Brief description of the implementation and diffusion process. The PSS concept was ideated in 
2003 by Vittoria Bono. From 2003 to 2008 the business idea was proposed, without having suc-
cess, to several financial institutions to get funds. Without external financial support the concept 
was firstly implemented in 2008 as a small pilot project in the city of Brescia. This pilot was key 
strategic because gave the opportunity to learn about user preferences and improve the PSS of-
fer. Thanks to the positive results obtained (and the support given by local environmental asso-
ciation and media), in 2009 a new and bigger point of sale was opened in Milan. In 2010 a fran-
chising scheme was launched. 
Finnish Energy Service COmpanies (ESCOs), Finland 
B2G/B2B, Use-oriented PSS, Successful case 
Description of the PSS. In the ESCO model companies offer their customers a broad range of 
comprehensive energy solutions (e.g. designs and implementation of energy savings projects, 
energy conservation, energy infrastructure outsourcing, etc.). ESCOs gain their returns by re-
ceiving a share of the energy costs saved. If the project does not provide returns on the invest-
ment, the ESCO is often responsible to pay the difference. ESCOs are therefore economically 
incentivised in reducing the buildings energy consumption as much as possible. 
Brief description of the implementation and diffusion process. The ESCO model has been 
publicised in Finland for some years. However the model in 2000 was not widely adopted. For 
this reason, in order to speed up ESCO activities, the Finnish Ministry for Trade and Industry 
(MTI) awarded investment subsidies to ESCO projects during 2001. In order to foster the diffu-
sion of ESCO models, a network made up of ESCOs, municipalities, financial institutions, a 
governmental institution and a research centre, was established. Working groups and brain-
storming sessions were organized in order to combine and match the needs and perspective of 
the different involved stakeholders, and to try to solve the implementation and diffusion barri-
ers. As result pilot projects in collaboration with municipalities took place, and policy measures 
were adopted to favour the ESCO models. After the experimentation the number of ESCO pro-
jects in Finnish municipalities remained modest up to 2001 but rose considerably in the follow-
ing years. 
QURRENT, Qurrent, The Netherlands 
B2G/B2B, Use-oriented PSS, Successful case 
Description of the PSS. Qurrent enables people to produce and manage renewable energy by 
their own. Qurrent develops devices, software and services that enable the creation of small lo-
cal energy networks (decentralised renewable energy systems). Within these networks users ex-
change energy to maximize the efficiency of the energy they produce. To do this Qurrent devel-
oped three core products: the Qbox (it measures all electricity production and consumption and 
makes it possible to share capacities with the neighbourhood), the Qmunity website (the place 
where Qurrent members go to analyse their energy consumption and production), the Qserver 
(where all measures by all members are stored); together they constitute the Local Energy Net-
work. 
Brief description of the implementation and diffusion process. Igor Kluin (founder of Qurrent) 
presented his business idea in 2006 in an innovation contest, and won 250,000 €, which were 
used to develop the first generation of the Qbox. In 2007 Qurrent won another environmental 
prize, consisting of 500,000 € plus consulting and accounting help. Thanks to the prize Qurrent 
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had the opportunity to set up seven pilot projects (currently running) to test the technical and us-
ability aspects of its system, verify the acceptation by different kind of actors (private users, 
public administration, local energy suppliers, etc), and learn about implementation and diffusion 
barriers. Since 2008 Qbox is on the market (available only in the Netherlands). 
ARISTON, PayXUse, Italy 
B2C, Use-oriented PSS, Unsuccessful case 
Description of the PSS. PayXUse, developed by the Italian appliances manufacturer Ariston, is 
a PSS that provides to clients the access to washing machines (owned by Ariston). Payment is 
based on number of washes and includes: delivery of a washing machine at home (not owned by 
customers), electricity supply, maintenance, up-grading and end-of-life collection.  
Brief description of the implementation and diffusion process. The PSS concept was devel-
oped in 1999, in collaboration with ENEL (an Italian energy supplier). A first field test took 
place in 2000. In 2001, after solving the technical problems emerged during the field test, the 
PSS was launched in Lombardia and Marche (two Italian regions) in a limited amount of kits 
(around 500). At the end of 2001 the company decided to not launch the PayXUse in the market. 
The main reason that brought Ariston to this decision was the fact that the system was based on 
internally developed communication technologies and standards (not shared with the other main 
producers). Going on was therefore considered a risk because these standards were not sharea-
ble with the other main appliances producers (producers which at that time were planning to en-
ter the market with a common communication standard and protocol). 
INTERFACE FLOORING SYSTEM, Evergreen Lease, USA 
B2B/B2C, Result-oriented PSS, Unsuccessful case 
Description of the PSS. As an alternative to a conventional purchase of carpet floors, clients 
''lease" the services (functionality, colour, design, aesthetics) of a modular carpet system without 
taking ownership or liability for maintenance and disposal of the products. A service package is 
offered inclusive of design layouts, product selection (choosing the right products for the right 
place), carpet installation, ongoing maintenance and ultimate removal for recycling. Evergreen 
was priced cheaper than the bought equivalent over the lifespan of a carpet. 
Brief description of the implementation and diffusion process. The PSS solution was ideated 
by Interface Flooring System in the first years of the ’90 and marketed in 1995. Interface signed 
its first lease agreement in 1995 with the Southern California Gas Company. Many potential 
customers emerged enthusiastic for the carpet-leasing idea but unfortunately, despite the sales 
effort lead by the company, the majority of negotiations broke down. Only six lease agreements 
have been signed from 1995 to 2003. The reason of the missed success was mainly related to the 
financial accounting standards related to lease agreements, which made Evergreen Lease a capi-
tal lease instead of an operating lease, which is less favourable for customers. In addition some 
customers did not perceive the full cost of purchasing and maintaining carpets, which made dif-
ficult for them to understand the potential economic advantages of Evergreen Lease. 
3.4.3.1  Societal embedding process and the role of socio-technical 
experiments 
The successful cases analysed in this research are all characterised by a commer-
cialisation strategy based on the implementation of one or more socio-technical 
experiments. It has however to be underlined that we are not dealing with simple 
experiments done inside a company’s laboratory and exclusively aimed at improv-
ing the technical and/or usability aspects of the innovation, but with experiments 
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undertaken in real settings involving a variety of actors and aimed at learning at 
many different dimensions (user preferences, political, regulative, cultural, social, 
etc.). For example in Finland, in order to foster the diffusion of Energy Service 
COmpanies (ESCOs), a network made up of ESCOs, municipalities, financial in-
stitutions, a governmental institution and a research centre was established; pilot 
projects were implemented in order to not only adapt the ESCO models to the mu-
nicipalities’ needs, but also to learn about the most effective financial and policy 
measures to support the PSS innovation (Ministry of Trade and Industry 2003; Ki-
visaari et al. 2004). 
 Experiments showed to be crucial to incubate and shape new PSS innovations 
(and the related socio-technical practices, habits and institutions), and also to 
stimulate and influence relevant actors to support and protect the innovations (and 
therefore favour their societal embedding). For example the bike sharing system 
ideated by Clear Channel Outdoor was firstly implemented as a small pilot project 
in the city of Rennes; the pilot was used to attract the interest of the local public 
transport company, involve it in discussions and negotiations, and finally develop 
synergies to stimulate public transport users to adopt the bike sharing system (Ver-
recchia 2009). 
Moreover, in successful cases, experiments were also used to stimulate changes 
in actors’ behaviours and habits. Continuing with the previous example, Clear 
Channel Outdoor states that the pilot was conceived as a way to show a new idea 
to the community, and stimulate potential users to get in touch with it and reflect 
about their mobility behaviours and routines (Verrecchia 2009). 
In addition, another important element found in successful cases is the use of 
experiments as a means of communication to raise interest on the innovation pro-
ject and the related actors. In other words experiments (and this is something that 
transition studies do not explicitly underline) were used as a sort of “windows” to 
disseminate the innovation results and facilitate the enrolment of new actors (e.g. 
new users, potential partners etc.). For example: when, in 1998, the bike sharing 
system in Rennes was improved and scaled up in a full operative service, Clear 
Channel Outdoor used it to demonstrate to other municipalities the potentialities 
of the PSS (e.g. municipalities were invited to visit the pilot); this was crucial in 
facilitating the gradual diffusion of the solution in other cities (Verrecchia 2009). 
In short, successful cases are characterised by a strategic use of socio-technical 
experiments to: learn on many different dimensions (technical, usability, regula-
tive, political, cultural and social acceptance, etc.); influence contextual conditions 
in order to favour the societal embedding process (stimulate changes in actors’ be-
haviours and practices to protect and support the PSS innovations); communicate 
the PSS potentialities to attract and enrol new relevant actors. These characteris-
tics cannot be found in the analysed unsuccessful cases, where experiments were 
mainly used to only verify and improve the technical aspects of the PSS. For ex-
ample in the PayXUse case, the two pilot projects implemented in 2000 and 2001 
were only focused on testing and improving technical issues (e.g. product re-
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quirements, data communication system), commercial issues (distribution chan-
nels), and usability issues (user interactions) (Aisa 2009). 
Transition studies point out the importance of creating partially protected envi-
ronments (financial and socio-institutional protections) where innovations can ma-
ture without the direct influence of dominant regimes (Schot and Geels 2008). 
Successful cases show that financial protection played a significant role in the first 
phases of experiments (setting up and implementation), while in the subsequent 
phases protection was gradually removed. On the other hand socio-institutional 
protection (new social relationships, routines, standards, etc.) was not dismantled, 
but rather reinforced and transferred into mainstream settings. For example, in the 
Finnish ESCOs case, the financing provided by the National Technology Agency 
of Finland (Tekes) was fundamental to set up initial workshops and roundtables, 
and implement pilot projects (Kivisaari et al. 2004). After the pilot project, institu-
tional protection came from the Finnish Ministry of Trade and Industry, which in-
serted in its action plan for energy efficiency (2003-2006) recommendations on 
how to stimulate the ESCO models (i.e. new regulations, adoption of green public 
procurement) (Ministry of Trade and Industry 2003). In addition, institutional pro-
tection came also from the dissemination activities implemented by the Ministry 
to make Finnish municipalities aware of the ESCO models (Kivisaari et al. 2004, 
Ministry of Trade and Industry 2007). However, as showed by the EGO example, 
successful implementation can take place even without protecting the first phases 
of the process. In this case PSS promoters tried, unsuccessfully, to get financial 
and institutional protection from the Italian Fashion Chamber and potential indus-
trial partners; the missing protection resulted in a slowdown of the project devel-
opment (Bono 2009; Rovetta 2009), but did not compromise its implementation. 
Transition studies theorists argue that the implementation of sequences of ex-
periments (and their repetition in different domains and contexts) is crucial to lead 
to the development and reinforcement of the niche (Raven 2005; Rotmans and 
Loorbach 2006). This is not fully confirmed by the successful cases analysed, 
which are characterised by the implementation of few experiments (1 in the EGO 
and SmartBike cases, and 3 in the ESCOs case). An exception is represented by 
the Qurrent case, in which 7 pilot projects were implemented to test their solutions 
in different settings (Qurrent 2009). Of course the implementation of a variety of 
experiments is important because can increase learning opportunities (e.g. learning 
about different designs in different contexts). On the other hand this strategy could 
be hindered by the limited financial resources that companies have for investing in 
experimental pilot projects (as in the cases of SmartBike and Ego (Verrecchia 
2009; Rovetta 2009)).  
As underlined by transition studies, even if experiments in protected spaces are 
key important for transitions, scaling-up can take place if there is an alignment 
with events and developments in the landscape (Geels 2005b), and if the regime is 
sufficiently open to accept radical novelties (Rip and Kemp 1998). Successful cas-
es show this correspondence. For example in the Finnish ESCO case, ESCO mod-
els were favoured by growing pressure from climate protection and growing ener-
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gy prices (landscape development), which led to new energy taxes and stricter 
building regulations (regime development) (Kivisaari et al. 2004). 
3.4.4.2 Actor network 
Successful cases are characterised by the involvement of a broad network, includ-
ing actors from many different domains (e.g. users, governmental institutions, 
NGOs, special interest groups, research centres, etc.). A partial exception is repre-
sented by the EGO case, which shows a narrower network: in addition to suppliers 
and industrial partners, actors involved were potential users and (indirectly) envi-
ronmental NGOs and media (Bono 2009). 
More in details, successful cases show networks that combine outsiders and in-
siders actors (in relation to the regime). For example in the Finnish ESCO case, 
the network included: innovative companies and scientists from the Technical Re-
search Centre of Finland on one hand (outsiders); municipalities, financial institu-
tions and governmental institutions on the other (insiders). As underlined by van 
den Bosch and Rotmans (2008), this combination is important in order to couple 
the potentialities of outsiders in triggering innovations that deviate from the re-
gime, and the potentialities of insiders in directly influencing regime culture, prac-
tices and institutions. 
In particular successful cases demonstrate the crucial role that can be played by 
actors such as governments, governmental agencies, local administrations, etc. in 
directly creating a favourable environment for the PSS innovation. For example in 
the Finnish ESCO case, the Ministry of Trade and Industry and two governmental 
agencies (Tekes and Motiva) were decisive in funding the pilot projects, and also 
in adjusting regulations to facilitate the ESCO models adoption (Kivisaari et al. 
2004). 
An important role was also undertaken by actors such as environmental NGOs 
and societal pressure groups, because they contributed in disseminating the exper-
iments results and mobilising public opinion. For example in the SmartBike case, 
the “publicity” provided by local NGOs was an important factor that brought to 
get exposure and attract potentially interested municipalities (Verrecchia 2009). In 
addition, also media showed to be important in disseminating the PSS innovations. 
As declared by Rovetta (2009), the first customers of the EGO service decided to 
try it because they read an article on a newspaper or a specialised magazine. 
In short successful cases show that companies adopted a strategic behaviours 
oriented at influencing the context in which the PSS should be introduced. In par-
ticular companies set up project networks trying to include those actors that, di-
rectly or indirectly, could have affected the regime (and thus create more favoura-
ble conditions for the adoption and further diffusion of the innovation). 
The lack of a broad network is an important explanation of the relative failure 
of the PayXUse and Evergreen Lease cases. For example, in the PayXUse case, 
the main reason that brought the company to not introduce the solution in the mar-
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ket was the lack of a proper network capable to support the communication stand-
ard and protocols on which the solution was based (Aisa 2009). Going on was 
therefore considered a risk because such standards and protocols were not shared 
with the other main appliances producers (ibid.). Building up relationships and 
agreements, with other producers and agencies that develop protocols and stand-
ard, could have brought to facilitate the adoption of Ariston’s technology as a 
standard. 
3.4.4.3 Project vision 
As illustrated in the previous section, the establishment of a broad network of ac-
tors is crucial in order to facilitate the societal embedding process of PSS innova-
tions. In relation to this, transition studies point out that the development of proper 
project visions is fundamental in order to attract and enrol actors and give a strate-
gic direction to the innovation (Kemp and Rotmans 2004; Kemp and Loorbach 
2006; Raven 2005). Therefore it is key important for companies to be able to for-
mulate clear visions (to make explicit their expectations), and be able to com-
municate those visions in an effective way. For example in the Qurrent case, the 
ability of the company founder in presenting the project vision (underlining all the 
potential economic and environmental benefits) was fundamental because it al-
lowed to get the first funds (the Qurrent project idea was awarded in two im-
portant innovation contests), and because it facilitated the involvement of a variety 
of actors for the pilot projects implementation. The vision was structured in such a 
way in order to clearly illustrate how the solution would have worked and what 
(economic, environmental, etc.) advantages the implementation would have 
brought to the different stakeholders and the community. It resulted crucial for 
convincing funding bodies to invest on the idea, and for achieving a shared con-
sensus (among the actors involved in the pilot projects) about the strategic direc-
tion to be followed. 
It has however to be underlined that in successful cases the project vision was 
not kept fixed, but rather open to adjustments. For example in the SmartBike case, 
the initial project vision was modified once the public transport company in 
Rennes got involved in the project: the PSS solution was in fact refined in order to 
favour synergies between public transports and the use of SmartBike (Verrecchia 
2009). It is also important to not try to force consensus on a vision, but try to make 
explicit the different actors’ expectations, and use these expectations as a basis for 
discussions and negotiations (Jolivet et al. 2003). This is exactly what was done in 
the Finnish ESCO case: before implementing the pilot projects, a six months incu-
bation phase was set up in order to organise discussions, seminars and workshops 
(involving all the actors) with the aim to develop a shared ESCO model (Kivisaari 
et al. 2004). 
The difficulties faced by the EGO in formulating and communicating its project 
vision in an effective way is an important explanation of the failure in establishing 
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financial and industrial relations with other actors. As stated by Bono (2009), the 
Italian Chamber of Fashion, the financial institutions and the potential industrial 
partners contacted by the company, did not believe in the economic and environ-
mental potential of the PSS innovation, and for this reason they decided to do not 
support the project. 
3.4.4.4 Learning processes 
The analysed cases show that learning processes are strictly related to how exper-
iments are designed and managed. The experiments that focused not only at ex-
ploring and testing the technical aspects, but also the ones related to usability, pol-
icy, regulations, social acceptance etc., easily brought to broad learning processes. 
For example in the SmartBike case, the pilot project brought to learn on technolo-
gy (e.g. the docking station to lock and unlock bikes), user preferences (e.g. the 
service interactions to register and use bikes), regulations (e.g. how local admin-
istrations can support the solution), social acceptance (e.g. how to communicate 
the solution environmental benefits), strategic partnerships (e.g. how to build mu-
tual synergies with the local public transport company) (Verrecchia 2009). 
Successful cases not only show broad learning processes, but also reflexive 
ones. Reflexive learning is fundamental in order to break down actors’ accepted 
assumptions and routine behaviours (Kemp and van den Bosh 2006), and induce 
changes in culture, practices and institutions (Van den bosh and Rotmans 2008; 
Brown et al. 2003; Brown and Vergragt 2008). For example in the SmartBike 
case, the first experiment implemented in Rennes induced reflexive learning in po-
tential users (the novelty introduced by the pilot stimulated them to get in touch 
with the innovation and to potentially rethink about their mobility behaviours and 
routines), and in the local administration and public transport company (the pilot 
induced them to think about new alternative ways to plan mobility in city centres). 
As suggested by many authors, interactions among a heterogeneous set of actors 
(with different expectations, belief systems and interpretative frames) is a stimulus 
for reflexive learning (Hoogma and Schot 2001; Lynn et al. 1996; Brown and 
Vergragt 2008). This correlation between network heterogeneity and reflexive 
learning is confirmed in successful cases. 
Another important issue is related to creating diversity among experiments, 
which is considered crucial because can led to learning about different designs in 
different use environments (Kemp and Loorbach 2003; Raven 2005; Van der Laak 
et al. 2007). This diversity can be found only in the Finnish ESCOs and Qurrent 
cases, were a variety of pilot projects were simultaneously implemented to learn 
about different contexts. For example in the Qurrent case, their decentralised re-
newable energy system was implemented in different settings: private families, 
housing corporations and office buildings (Qurrent 2009); this stimulated learning 
about different designs in different use environments. It has however to be under-
lined that the number of experiments and their degree of diversity depend on the 
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available economic resources, and even if variety is considered important (e.g. to 
learn in different market contexts (Lynn et al. 1996)), companies could sometimes 
be financially limited in applying this strategy (as in the EGO case). 
3.4.5 Conceptual framework refinement 
Almost all the expected factors derived from the literature review were encoun-
tered in successful cases. One was partly confirmed (EF5). Two new factors 
emerged from the cases were added: 
• NF1: Socio-technical experiments are used as ‘windows’ to disseminate the in-
novation results and facilitate the enrolment of new actors; 
• NF2: The stakeholder network is supported by actors that can mobilise public 
opinion (in particular media and NGOs). 
Results are illustrated in Figure 3.5. 
Figure 3.5 Refined conceptual framework for the implementation and diffusion of sustainable 
PSSs. Source: Ceschin (2012; 2013). 
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It is important to underline that these factors are strictly interrelated. Socio-
technical experiments require in fact the involvement of a broad network of actors. 
In order to involve actors, as well as to align their expectations, project visions are 
fundamental. The implementation of experiments stimulates learning processes, 
and what is learned by actors is continuously used to adjust the project vision, the 
network composition and the socio-technical experiments. Sequences of learning 
processes and experiment adjustments can allow the innovation to mature, and can 
give body to more stable sociotechnical practices and institutions (capable to po-
tentially influence the dominant regime). 
It has to be emphasised that the list of factors provided by this research should 
be seen as general management indications, and not as a ‘recipe for success’. 
Niche development and scaling up require in fact favourable conditions and cir-
cumstances (e.g. there should be enough pressure form the landscape, the regime 
should be sufficiently open to accept radical innovations, etc. (Rip and Kemp 
1998)). These conditions and circumstances may be not directly (or indirectly) in-
fluenced by companies. Therefore the process from incubation to scaling-up be-
comes increasingly more uncertain and less manageable, and more influenced by 
project-external events and dynamics. However the successful cases presented in 
this chapter show that the adoption of an experimental-, learning-, and network-
based management approach, can increase chances of success (speed up and in-
crease the possibilities to set up a market niche in which the innovation is com-
mercialised). 
3.5 Concluding remarks 
In section 1.5 the first set of research questions (RQ1) was formulated: How sus-
tainable Product-Service System innovations take place? What are the dynamics 
and the factors that facilitate and obstacle the process of introduction and scaling-
up? Is it possible to manage and orient this process? And if yes, how? 
In order to answer to these questions a desk research (literature review on tran-
sition studies) was combined with an empirical research (case studies). Based on 
the literature review a first version of conceptual framework was constructed. This 
conceptual framework provided a structured overview of the factors considered 
important to favour the societal embedding of sustainable PSS innovations. Case 
studies have been used to validate and refine the framework: expected factors have 
been confirmed or not, and new factors emerged from the cases have been added. 
In short, the combination of literature review and case studies has provided sig-
nificant insights and understanding on how the introduction and scaling up of sus-
tainable PSSs takes place, and showed that an experimental-, learning-, and net-
work-based management approach represents a promising strategy to increase the 
chances to successfully incubate, test, develop and bring to mature this kind of in-
novations. 
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Starting from these findings the next challenge is to understand the potential 
role that strategic design could play in this. In particular the next step is to answer 
to the following questions: 
• which role could strategic design play in supporting and orienting this kind of 
societal embedding processes? 
• which design approach and tools can be used in practice to support strategic de-
signers? 
These issues are addressed in the next chapters of this research. 
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4 Towards a new way of designing and 
managing the societal embedding of sustainable 
Product-Service System 
 
 
Abstract This chapter investigates the potential contribution that a strategic de-
sign approach can make in triggering and orienting the societal embedding of sus-
tainable PSSs. A new strategic design role emerges. A role in which the ideation 
and development of sustainable PSS concepts is coupled with the designing of ap-
propriate transition paths to gradually incubate, introduce and diffuse these con-
cepts. Starting from these considerations the chapter outlines and discusses the 
new design approach and capabilities required by strategic designers/project man-
agers/consultants. The argumentation is accompanied by the discussion of an ex-
perimental design experience: the Cape Town Sustainable Mobility project. 
Keywords: Product-Service System, Sustainable development; System innovation; 
Transition studies; Strategic design; Design for sustainability; Strategic Niche 
Management; Transition Management; PSS implementation; Scaling up. 
4.1 Design and radical change for sustainability 
If we look to the evolution of Design for Sustainability (DfS) in the last decades, it 
clearly appears that this discipline has enlarged its field of action. In fact the focus 
has moved from single products only to services and Product-Service Systems 
and, more recently, to social innovation and large-scale socio-technical changes. 
Manzini and Vezzoli in 2003 emphasised the need for DfS to move from prod-
uct thinking to system thinking (Manzini and Vezzoli 2003). In this respect they 
introduced the notion of strategic design for sustainability to suggest a design ca-
pable to: 
• address sustainability operating on the integrated system of products, services 
and communication through which a company (or an institution, NGOs etc.) 
presents itself (Manzini 1999; Vezzoli 2007; Meroni 2008a); 
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• create a clear and comprehensible representation of the values and identity of a 
company and visualise possible futures to orient its strategy (Zurlo 1999; Borja 
de Mozota 1990); 
• contribute to create relations between the stakeholders of a value constellation 
(Zurlo 1999), and act as facilitator to stimulate a strategic dialogue and co-
design processes with them (Meroni 2008b).  
A further shift took place when the DfS community started to investigate exist-
ing examples of bottom-up social innovations (Meroni 2007), and explore the po-
tential role of design in this respect (Jégou and Manzini 2008). The emphasis has 
been on investigating the role of designer in triggering, supporting and orienting 
these community-based innovations through: the adoption of user-centred ap-
proaches to better understand problems and opportunities (ibid.; Mulgan 2009); 
facilitating participatory processes using visualisation techniques and co-design 
tools (Mulgan 2009); empowering individuals and communities enabling them to 
start and manage new bottom-up initiatives (Jégou and Manzini 2008). This is in 
line with the transformative design approach (Burns et al. 2006; Sangiorgi 2010), 
whose main aim is to “leave behind the tools, skills and organisational capacity 
[to enable local actors] to continually responding, adapting and innovating” 
(Burns et al. 2006).  
The DfS research community made another step forward when recognised the 
necessity of moving towards the identification of strategies and approaches to im-
plement, replicate and scale-up sustainable innovations. In other words, it was 
recognised that the challenge was no more only on proposing scenarios and con-
cepts of sustainable changes but also on contributing to realise such changes (Vez-
zoli et al. 2008). Thus, researchers have started to explore the potential contribu-
tion of design in large-scale changes. The MEDEA institute at Malmö University 
proposed to use Living Labs to experiment, explore and support the scaling-up of 
grassroots social innovations. The concept of Living Lab refers in general to ex-
perimentation environments in which innovations are created in real life contexts 
by fostering collaboration between researchers, companies, end users and other 
relevant stakeholders (Ballon et al. 2005; Stålbröst 2008). The activities of Malmö 
Living Labs focus on supporting local actors in developing bottom-up social inno-
vations by prototyping, testing and scaling-up solutions (Hillgren et al. 2011). 
They propose an open-ended approach, where prototyping is used to test and re-
fine solutions, but also to create “agonistic spaces”, where a variety of stakehold-
ers is involved in discussing and addressing dilemmas (ibid.). 
In line with Malmö Living Labs, the Design Department of Politecnico di Mi-
lano proposed the concept of “Enabling Experiment”,25 to refer to the implemen-
tation of favourable environments to enable local actors to take active role as co-
creators in the development and proliferation of social innovations. An important 
                                                          
25
 The term was introduced by Ezio Manzini during his keynote speech “To make things happen: 
Design as a catalyser of community engagement” at the Design Pleasurable Product Interface 
2011 conference (Milan, Italy). 
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contribution is that they acknowledged that large-scale changes require the im-
plementation of a multiplicity of diverse and interacting experiments (Manzini and 
Rizzo 2011). In this respect Meroni (2008a) and Jegou (2011) refer to “synergiz-
ing” or “acupunctural planning”, the implementation of a set of synergic self-
standing local experiments that aim to generate changes in large and complex sys-
tems (this is consistent with the broadening process mentioned in section 3.3.2).26 
The concepts of Malmö Living Labs and Enabling Experiments are consistent 
with the research results achieved by transition studies scholars. However, it must 
be stressed out that in these two approaches the characteristics of socio-technical 
experiments are not investigated and analysed in depth. Several issues are not ad-
dressed and remain unclear. In particular: How to set up protect spaces to shield 
the innovation in the first stages of the experimentation activities? What are the 
key dynamics in socio-technical experiments and what are the key factors influ-
encing success and failure? What are the mechanisms through which a sequence 
of experience can lead to large-scale changes? What role can be played by differ-
ent actors (users, policy-makers, local administrations, NGOs, consumer groups, 
industrial associations, research centres, etc.) in this process? 
As shown in the previous chapter, transition studies have deeply explored the 
above issues and can therefore provide useful insights in order to better define and 
clarify the design approach to be adopted to conceive, implement and manage so-
cio-technical experiments. On the other hand it must be underlined the important 
contribution that the previously mentioned researchers at Malmö University and 
Politecnico di Milano have made on analysing co-design approaches in the context 
of socio-technical experimentation (an aspect which is currently not deeply inves-
tigated by transition studies scholar). 
From what it has been said above, it seems promising to create a bridge be-
tween the disciplines of strategic design for sustainability and transition studies.27 
The hypothesis is that the adoption and adaptation of principles and concepts from 
transition studies can enrich and advance the current debate on the role of design 
in large-scale sustainable changes. 
Building upon this hypothesis, this chapter seeks to translate the insights and 
concepts from transition studies into something that can be used by strategic de-
signers in their design practice. In particular the chapter presents an action re-
search project, called Cape Town sustainable mobility, aimed at designing and 
implementing a radical innovation: a sustainable mobility PSS for the disabled and 
elderly people in the suburban areas of Cape Town. The project was used to re-
                                                          
26
 As said in the previous chapter, an example of such kind of interconnected and synergetic ex-
periments can be found in the Feeding Milano project, aimed at prototyping and implementing a 
network of “0 miles” food related services between the city of Milan and the peri-urban area 
known as Agricultural Park South Milan (Simeone and Cantú 2011; Cantú 2012). 
27
 Also Gaziulusoy (2010) and Gaziulusoy et al. (2013) have explored the link between design 
and transition studies, but mainly at the product design level. They in fact developed a scenario 
method to link activities/decisions at the product development level in companies with the trans-
formation which needs to take place at the societal level to achieve sustainability. 
79 
flect on the design attitude adopted, and constantly develop insights on how to re-
fine and make the design approach more applicable to practice. This was an itera-
tive process because the design approach was implemented in a practical design 
experience and continuously developed, adjusted and refined during the whole de-
sign journey. Because the research had a non-linear (iterative) character, the order 
of the order of the activities undertaken cannot be presented in a completely 
chronological way. Rather, for the sake of clarity, the choice is to firstly present 
the action research project and then the reflection on the design role and approach. 
In particular, building upon the project experience, the chapter discusses the po-
tential role of design in triggering wider societal transformations by designing 
transition path (i.e. sequences of small scale socio-technical experiments); in this 
respect the chapter illustrates the design attitude and skills required by strategic 
designers to support and orient the societal embedding of sustainable PSSs, and 
discusses the knowledge base needed by designers to undertake this task.  
4.2 An experimental design experience: the Cape Town 
Sustainable Mobility project 
4.2.1 Project background 
The Cape Town Sustainable Mobility project involves, as main actors, Shonaquip 
(a small South African company producing wheelchairs and mobility equipment 
for disabled people), Bicycle Empowerment Network (BEN Bikes, a local associa-
tion aimed at promoting sustainable mobility projects and initiatives), the Cape 
Peninsula University of Technology (CPUT), and Politecnico di Milano (Polimi). 
The aim of the project is to introduce and diffuse a sustainable mobility Product-
Service System (PSS) for the disabled and elderly people in the suburban areas of 
Cape Town. In particular the system is expected to offer disabled and elderly peo-
ple increased mobility services from their homes to the nearest public transport 
stops, or to local schools, hospitals, etc. Technically, the mobility system is de-
signed around a solar, electric and human powered light vehicle.28 This mobility 
system is especially conceived to create benefits in suburbs such as those in Cape 
Town, which are often characterized by substantial mobility problems due to a 
lack of high quality public transport services. The initial PSS concept was devel-
oped by Hazal Gumus for her master’s degree thesis (Gumus 2009), conducted in 
collaboration between Polimi and CPUT. The thesis project raised the interest of 
Shonaquip and in July 2009, a process to socially embed the PSS innovation offi-
cially started. 
                                                          
28
 Prototyped by IPSIA “A. Ferrari” Maranello and Politecnico di Milano in 2006. 
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The initial assumption which drove the implementation strategy was that the 
setting-up of protected socio-technical experiments (with the characteristics de-
scribed in the previous chapter) would have been promising to increase the chanc-
es to realise socio-technical changes. The activities undertaken in the project can 
be grouped in three main phases:  
• incubation, aimed at setting up the conditions needed to start the societal em-
bedding process;  
• socio-technical experimentation, aimed at implementing the first socio-
technical experiments, to learn and explore how to improve the PSS innovation 
and how to favour and support its societal embedding;  
• and scaling-up, aimed at removing protection and transforming the experiments 
in a fully operative service.  
At the time of the writing of this book the project consortium is in the between 
of the second and the third phases.  
4.2.2 Incubation  
The process began with the first formalization of the project vision (how things 
could be in future), on the basis of the initial PSS concept. The aim was to trans-
late the project idea into a set of visual artefacts to clearly and effectively com-
municate the PSS innovation’s characteristics and its potential benefits to different 
types of actors. A set of visualisation tools was used to support this task.29 
The next step was the development of a draft transition path, to identify the 
main steps between the present situation and a future situation with the PSS im-
plemented. Actors involved in these first two steps were the research team (made 
up of academics and research students from Polimi and CPUT) and Shonaquip. 
The following step was the identification of actors to be involved in strategic 
discussions. It was decided to firstly include a restricted group of actors (the ones 
considered crucial to start discussing and strengthening the PSS concept and the 
transition path) and later extend participation to a wider variety of actors such as 
the Cape Town municipality, the local public transport company, and local media. 
Actors initially involved were potential users, local citizens, technology experts 
from CPUT, and two local NGOs: Disability Workshop Enterprise Development, 
DWDE (active in providing job opportunities to disabled people) and the Recon-
structed Team (an association aimed at reintegrating into society former drug ad-
dicts and criminals).  
                                                          
29
 Among them: (I) the offering diagram, to visualize which customer needs are addressed by the 
PSS; (II) the interaction table, to visualize how the PSS providers deliver the service and how 
the customers are to be satisfied; (III) the system map, to visualize the structure of the value 
chain; (IV) the sustainability diagram, to visualize the environmental, socio-ethical and econom-
ic benefits. 
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A two-day workshop was organized in September 2009. The workshop began 
with the illustration of the project vision and the draft action plan; project promot-
ers used the visual artefacts elaborated in the previous steps as a basis for the 
presentation. The first day focused on discussing and adjusting the project vision. 
In order to stimulate discussion, participants were asked to analyse the vision in 
relation to different socio-technical dimensions (technological, political, cultural, 
etc.) and identify conflicting issues. Participants were then asked to think about 
potential alternatives to solve the conflicting issues that had emerged. The collec-
tive discussion about the PSS concept and the context opportunities and barriers 
resulted in adjusting and refining the project vision at the end of the first day. The 
second day of the workshop focused on discussing the transition path, identifying: 
(I) steps and actions to be undertaken; (II) actors to be involved in the different 
steps; and (III) roles and tasks to be assigned to each actor. In short the workshop 
led to:  
• Adjust the PSS concept. It was decided to also offer a transportation service for 
tourists within the city centre (in order to increase the sources of revenue). In 
relation to the vehicle the design requirements were specified. 
• Adjust the transition path. In particular it was agreed that the next step would 
have been the implementation of a small-scale experiment in the Athlone dis-
trict (focused only on the transportation of elderly people), to be later extended 
to other suburban areas of Cape Town. 
• Identify implementation barriers. The main problem that emerged was the una-
vailability of financial resources to entirely finance the vehicles’ production 
and the pilot implementation. Moreover another concern was related to the lo-
cal availability of solar panels and lithium batteries. Finally it emerged that lo-
cal regulations did not allow the use of human-powered vehicles for public 
mobility services. 
• Identify new actors to be involved. It was recommended to establish connec-
tions with Cape Town municipality (and in particular the transport department) 
to solve the previously mentioned regulative issues and develop synergies with 
the public transport service. Moreover it was suggested to identify and involve 
an actor that could manage the tourist transportation service in the city centre. 
• Agree on the tasks to be assigned to each actor. In particular it was agreed that 
Shonaquip would have managed the production of the vehicles (in collabora-
tion with DWDE) and manage the service (in collaboration with the Recon-
structed Team). CPUT would redesign the vehicle and contact the actors to be 
involved. Polimi would collaborate in the vehicle redesign and in seeking fi-
nancial resources for the pilot project. 
In summary, the result of this phase was the building up of a first network of 
actors and the development of a shared project vision and a first hypothesis of 
transition strategy. The involvement in this first phase of a broad variety of actors 
was crucial in order to allow the project consortium to focus on different dimen-
sions of the problem (technical, economic, sustainability, usability, etc.). On the 
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other hand, it emerged the difficulty to coordinate and manage discussions among 
a variety of actors, and the need of a network manager capable to act to manage 
controversies and conflicts within the network and establish bridges between dif-
ferent actors’ expectations. 
4.2.3 Socio-technical experimentation  
In second phase two socio-technical experiments were designed and implemented. 
The first experiment was implemented in the Athlone district (Bridgetown), in col-
laboration with the Reconstructed Team, and was aimed only at testing and im-
proving the technical and usability aspects of the PSS innovation. In the first 
stage, before concluding the vehicle construction, an existing rickshaw was used 
to test the service of transporting the elderly in the neighbourhood, involving them 
in identifying critical issues and suggesting potential improvements (Figures 4.1 
and 4.2). In the second stage, once the vehicle prototype was completed, a series 
of technical tests took place (Figure 4.3).  
Figures 4.1 and 4.2 First socio-technical experiment: photos taken during the service test (July 
2011). Source: Ceschin (2012).  
    
Figure 4.3 First so-
cio-technical exper-
iment: photo taken 
during technical test 
of the vehicle (Au-
gust 2011). Source: 
Ceschin (2012).  
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After having settled the vehicle’s technical problems and collected the first 
feedback on the service, the project consortium was ready to start the experimen-
tation with users and the new vehicle. However, at this stage the Reconstructed 
Team decided to leave the consortium. It was an unexpected decision, even be-
cause of the positive response given by users during the service test. They ex-
plained the decision saying that due to other activities there were no personnel 
available to manage the complexity of this experimentation. On the other hand 
they confirmed the interest to implement in future, after the experimentation 
phase, a full operational service with a fleet of vehicle. The main lesson learned 
from this defection was that the presence of an internal catalyst, capable to pro-
mote and support the project inside each involved institution, is of key importance. 
Project promoters should have established stronger connections with key people in 
the Reconstructed Team in order to guarantee a more stable commitment.  
At this stage the project consortium needed to find another actor willing to con-
tinue the experimentation and manage the implementation of a fully operative ser-
vice. A contact was established with BEN Bikes (Bicycle Empowerment Network). 
BEN Bikes is a local association aimed at promoting sustainable mobility projects 
and initiatives and providing job opportunities for low-income people. For this 
purpose they have several centres located in the suburban areas of Cape Town. 
The defection of the Reconstructed Team and the involvement of BEN Bikes led 
to the adjustment of the project vision. In particular BEN Bikes proposed to use 
their suburban hubs as operative centres to manage local mobility services and ve-
hicle maintenance. For this reason the second socio-technical experiment was un-
dertaken in collaboration with one of these hubs, and in particular the one placed 
in Lavender Hill suburban area. This second experiment was implemented in Oc-
tober 2011 and is still running. It was designed and organized in order to act as a 
Lab, Window and Agent of Change.  
4.2.3.1 Experiment as Lab 
The first aim of the experiment was to test and improve the PSS innovation 
(experiment as Lab). A service for the transportation of elderly, sick and disabled 
people from their home to any point of interest around the Lavender Hill commu-
nity (such as to the hospital, church or the post office) was implemented and is 
currently running (Figure 4.4). The main role of the local BEN Bikes centre is to 
manage the service as well as take care of vehicle maintenance. The experiment is 
currently used to: 
• Test and improve the vehicle: the role of BEN Bikes is to check the vehicle on 
a daily basis, in order to report the technical problems and identify potential so-
lutions (in collaboration with Shonaquip, CPUT and Polimi); 
• Test and improve the service: the quality of the service is assessed using ques-
tionnaires and semi-structured interviews. Test users are asked to evaluate the 
84  
service, identify critical aspects, but also to propose potential alternatives and 
improvements; 
• Test and improve the PSS configuration: verify the PSS configuration in terms 
of stakeholder value chain and business model and identify potential improve-
ments to be implemented. Meetings involving project promoters are scheduled 
on a monthly basis to discuss these issues; 
• Identify barriers: the pilot is also used to identify potential implementation and 
diffusion barriers on multiple dimensions (e.g. socio-cultural and regulative). 
For this reason various actors (such as the local community, local institutions 
and NGOs) are involved to express their opinions, remarks and suggestions 
(regarding this see also experiment as a Window and Agent of Change). Of 
course most of the barriers were identified in the previous steps (during the in-
cubation and the first experiment). However project promoters considered cru-
cial to use the experiment to identify any further potential barriers. 
It must be stressed that the approach adopted is aimed at favouring broad par-
ticipation in the design choices. All the involved actors (from the potential users to 
the local community and the local institutions) are asked not only to evaluate and 
provide feedback on the project, but also to propose adjustments and alternatives. 
Figure 4.4 Second 
socio-technical ex-
periment: testing 
the PSS (October 
2011). Source: 
Ceschin (2012).  
 
 
 
 
 
 
 
 
 
 
4.2.3.2 Experiment as Window 
The experiment is also designed to raise interest in the innovation project and at-
tract and enrol new potential users and other relevant actors (experiment as Win-
dow). It represents a working prototype of how things could work, a conversation 
tool aimed at enhancing participation and enabling discussions with a larger audi-
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ence of relevant socio-economic actors. With respect to this the BEN Bikes centre 
was conceived as a sort of ‘open gallery’ to allow visitors to see, touch and ac-
quire information about the project (Figure 4.5). Interested people can freely visit 
the centre and better understand the features of the project and its environmental, 
socio-ethical and economic benefits. Moreover demonstration visits are organized 
with specific actors (for example potential users but also potential future partners, 
local institutions, etc.). BEN Bikes personnel have been trained to be able to effec-
tively describe the project and in particular to illustrate the potential advantages 
for different kinds of actors. This was considered particularly important by project 
promoters because there was the need not only to disseminate information about 
the project but also to stimulate changes in actors’ behaviour and routines (for ex-
ample stimulate potential users to reflect on their mobility habits and consider the 
benefits that the solution could provide to them). This is strictly connected to the 
third function of the experiment: experiment as Agent of Change. 
Figure 4.5 Second 
socio-technical ex-
periment: interest-
ed people visiting 
the Lavender Hill 
BEN Bikes centre 
(October 2011). 
Source: Ceschin 
(2012).  
 
 
 
 
 
 
4.2.3.3 Experiment as Agent of Change 
The experiment was also conceived to stimulate changes in actors’ behaviour and 
habits and create favourable conditions for the introduction and diffusion of the 
PSS (experiment as Agent of Change). Therefore, in October 2011 an event for 
relevant actors was organized (Figure 4.6). The aim of this event was to officially 
launch the experiment, illustrate the potential future developments, and discuss 
with invited actors how to support and create the conditions to accelerate the pro-
ject. The event took place at the Lavender Hill BEN Bikes centre. 
The actors invited to the event were: 
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• the Cape Town municipality (in particular the Transport department and the 
Environmental Resource Management department), because of their potential 
interest in the project and their direct influence on local transport regulation; 
• local actors potentially interested in implementing specific mobility services 
based on the MULO vehicle: in particular local schools and the local clinic 
(Philiza Abafazi Bethu); and 
• local media. 
The event was structured in four parts: 
• a first part aimed at illustrating the project (economic, environmental and so-
cio-ethical benefits) and presenting the socio-technical experiment; 
• a second part aimed at illustrating the project future opportunities; 
• a vehicle ride demonstration; and 
• a workshop with participants to discuss the potential synergies that could be 
built to sustain and expedite the project. 
The results of the event were positive. Firstly, local actors evaluated the project 
as valuable for local communities, because of its potential to bring about tangible 
economic, environmental and socio-ethical benefits. Secondly, one of the actors 
involved, the local clinic, stated their interest in implementing a service for the 
transportation of patients as soon as possible. Thirdly, the Transport department of 
Cape Town confirmed its interest in strengthening synergies between the PSS and 
the suburban bus lines. In addition the Transport department stated they would 
have planned meetings in their agenda to discuss the policy measures needed to 
support and foster the particular vehicle typology adopted in the PSS. 
 
Figure 4.6 Prof. 
Mugendi M’Rithaa 
(CPUT) welcom-
ing the workshop 
participants. 
Source: Ceschin 
(2012).  
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4.2.4 Main intermediate project results and next steps  
Starting from an initial PSS concept proposed by a small network of actors, the 
first project result is the building up of a broad network of actors and the align-
ment of their expectations towards the achievement of a shared vision. Currently, 
the main actors committed to the project are a company (Shonaquip), a NGO 
(BEN Bikes), a local institution (the Cape Town municipality), and two universi-
ties (Polimi and CPUT).  
The second project result is the implementation of two socio-technical experi-
ments in suburban areas of Cape Town:  
• the first, in the Athlone district, tested a service for the transportation of elderly 
people and the technical aspects of the vehicle; 
• the second, at Lavender Hill, is much more articulated and is still running. It is 
currently aimed at: testing and improving the whole PSS, raising interest in the 
project and enrolling new relevant actors, stimulating actors (such as potential 
users) to change their behaviour, routines and mental frameworks, and stimu-
lating changes in the socio-technical context (such as changes in the regulative 
framework).  
Because the second socio-technical experiment is still on-going, it is currently 
not possible to develop definitive conclusions. Nevertheless, it is possible to say 
that the whole journey strengthened the stakeholder network, served to refine and 
improve the PSS concept, and created important opportunities for future develop-
ments. In this regard it can be mentioned that: 
• local actors located at Lavender Hill (the clinic and the school) stated their in-
terest in implementing mobility services specifically dedicated to their needs;  
• the 14 BEN Bikes centres, located in the Cape Town suburbs, could represent 
crucial hubs to replicate the experiment in other areas of the city; 
• BEN Bikes is also interested in implementing a service for tourist transporta-
tion in the city centre; 
• the Cape Town municipality is interested in creating synergies with the PSS 
and the public transport services (in particular in relation to the suburban bus 
lines). 
4.3 A new role for strategic design for sustainability: designing 
transition paths and socio-technical experiments 
If we analyse the Cape Town Sustainable Mobility project from a design perspec-
tive we can see that design activities focused not only on ideating and developing 
a PSS concept, but also on understanding which strategies and development path-
ways are the most appropriate to support its introduction and scaling-up. A new 
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design attitude is necessary to operate at such strategic level and, as a conse-
quence, new strategic capabilities and knowledge base are required by designers. 
4.3.1 A new strategic design attitude 
4.3.1.1 A broader design scope 
In the Cape Town Sustainable Mobility project, the first important consideration 
to be done is that design had a role not only in conceiving and developing the PSS 
innovation but also in supporting and catalysing the process of transitioning to-
wards the implementation and scaling-up of the innovation. We can say that com-
pared to the traditional strategic design for sustainability approach (Manzini and 
Vezzoli 2003), the approach adopted in the project was characterised by a broad-
er design scope. In fact, in addition to the ideation and development of the PSS 
concept (the long term project vision), the focus has been in the designing of a 
transition path (Figure 4.7).  
Figure 4.7 A broader design scope. Design has a role not only in ideating and developing sus-
tainable innovation concepts (1), but also in triggering and orienting transitioning processes: the 
designing of the sequence of phases and steps (2), and identification of the actors to be involved 
along the whole process (3). In these transition paths a key role is played by socio-technical ex-
periments. Source: Ceschin (2012). 
 
In particular the design scope has been extended to:  
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• the design of the sequence of steps to gradually reinforce/improve the innova-
tion and foster its societal embedding (incubation, socio-technical experimenta-
tion and scaling-up), 
• and the identification and involvement of the actors that can support the socie-
tal embedding process in the various steps of the transition path.  
In other words design focussed not only on generating a vision of how a mobil-
ity need could be met in an alternative and more sustainable way, but also on how 
to achieve that vision. In this transition path a crucial role is played by socio-
technical experiments. As described in section 4.1, some researchers in the design 
field (e.g. see Meroni 2008a; Jegou 2011; Manzini and Rizzo 2011; Hillgren et al. 
2011) have recently started to explore the use of experiments to favour large scale 
changes. However, the main difference here is that experiments are not only used 
to test, improve and enhance radical innovations, but also to change the context in 
which the innovation should be introduced. In other words, following transition 
studies insights, experiments are conceived not only as labs and windows, but also 
as agents of change (i.e. to create the socio-cultural, institutional and organiza-
tional changes required to support the implementation and subsequent scaling up 
of the innovation). 
4.3.1.2 A multi-term design attitude 
The first consequence of this design role is that design should simultaneously fo-
cus on different time frames. The Cape Town Sustainable Mobility experience 
showed that project actors adopted a multi-term design attitude (Figure 4.8), be-
cause they simultaneously focussed on:  
• the project long-term goal (project vision): the achievement of a future in 
which a the Cape Town Sustainable Mobility system is part of the usual way in 
which a particular mobility need is fulfilled; and 
• the short- and medium-term actions to be undertaken in order to orient the in-
novation journey towards the achievement of the project vision: the incubation 
of the innovation and the implementation of two socio-technical experiments. 
The project vision and the strategy to achieve the vision are not designed sepa-
rately. Traditionally, the design of a solution is seen as a separate activity from the 
realisation of that solution. Here, there is not this dichotomy: the design of the pro-
ject vision requires to be done simultaneously with the design of the transition 
path. 
Figure 4.8 The multi-term design attitude. The focus is simultaneously on different time per-
spectives. Source: Ceschin (2012). 
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4.3.1.3 A broader strategic design attitude 
In the notion of strategic design for sustainability (Manzini and Vezzoli 2003), the 
term ‘strategic’ refers to a design capable to address sustainability operating on the 
integrated system of products, services, communication and stakeholders value 
chain through which a company (or an institution, NGOs etc.) presents itself. 
However, designing experiments as agents of change requires the adoption of an 
even broader strategic design attitude (Figure 4.9).  
In fact the project actors should focus not only on the solution (the PSS innova-
tion) but also on the technical, socio-cultural, institutional and organisational con-
textual conditions that might have favoured or hindered the societal embedding 
process. In the Cape Town Sustainable Mobility the project consortium adopted a 
strategic behaviour because it tried to influence the socio-technical context, in or-
der to create the most favourable conditions for the innovation. This was achieved 
by involving those actors that, directly or indirectly, could have affected regime 
practices and institutions and by stimulating changes in their behaviours, attitudes 
and practices. For example, one of the identified contextual barriers for the intro-
duction of the PSS was related to the local road regulation. In order to solve this 
problem, PSS promoters involved in the project the municipality of Cape Town to 
stimulate the Transport Department to modify such regulation. Moreover the in-
volvement of the Transport Department was also important to start developing 
proposals for the integration of the PSS concept with the local suburban public 
transport system. 
Again, compared to existing approaches, the main contribution is that it is 
made explicit that experiments (and all the related activities, events, etc.) need to 
be deliberately designed in order to trigger changes in the socio-technical context 
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in which they are inserted. And this through a strategic approach aimed at involv-
ing crucial socio-economic actors. 
Figure 4.9 A strategic attitude should be adopted in the designing and management of societal 
embedding processes. In this sense the transition path (and in particular the sequence of socio-
technical experiments) is aimed at influencing changes in the socio-technical context in order to 
create favorable conditions for the introduction and scaling up of the innovation (red arrows). 
Source: Ceschin (2012). 
 
 
4.3.1.4 A broader co-design approach 
Researchers working on design and radical sustainable changes have always em-
phasised the importance of involving a broad range of actors in co-design process-
es. Meroni (2008a) speaks about “community-centred approach”, where the de-
sign focus is oriented towards the engagement of a community to activate local 
changes. Manzini and Rizzo (2011) and Hillgren et al. (2011) stress the im-
portance of involving all the actors in co-designing within a process of continuous 
and open-ended experimentation. However, they do not make explicit the compo-
sition of the actors to be involved. In this respect transition studies scholars sug-
gest that establishing and developing a broad and heterogeneous socio-economic 
network is crucial to protect, support and foster radical innovations (see section 
3.3.4). In particular it is crucial to involve outsiders and insiders actors (with re-
spect to the dominant socio-technical regime): outsiders (e.g. outsider firms, sci-
entists, societal pressure groups) are needed in a network because they do not 
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share the current regime institutions and practices and therefore they may contrib-
ute in the development of innovations that deviate from that regime (Van de Poel 
2000); insiders (e.g. policy makers, governmental institutions) should be involved 
because they can support and protect the innovation in the start-up phase (in order 
to give experiments legitimacy and stability) and in the subsequent phases (in or-
der to create widespread support for scaling up the new practices and institutions 
related to those experiments) (Weber et al. 1999). In other words, it is required the 
involvement of a broader network of actors (Figure 4.10). This is what the pro-
ject actors tried to do during the Cape Town Sustainable Mobility design experi-
ence. In fact, they focussed not only on involving the actors that could have played 
a role in the value chain (Shonaquip, BEN Bikes, suppliers, users, etc.), but also 
on other relevant actors belonging to the socio-technical context in which the PSS 
was being introduced (NGOs such as DWDE, the Cape Town municipality, local 
media, etc.). In other words they focussed on creating a broad network character-
ised by scientific, social, economic, politic and cultural linkages. Thus, when de-
signing transition paths (and sequences of socio-technical experiments), it is cru-
cial to involve those actors that can start a bottom-up process of change, but also 
those actors that can create favourable conditions to protect and support the inno-
vation through top-down processes.  
Figure 4.10 The actors involved in the process of transitioning are not only the ones that are 
more directly linked with the innovation (value chain), but also the ones that could have an influ-
ence in the socio-technical context. Source: Ceschin (2012). 
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4.3.1.5 A dynamic design and management attitude 
Finally, it is possible to say that the approach adopted in the project was character-
ised by a dynamic design and management attitude (Figure 4.11).  
The project vision was not a static outcome to be achieved; it was continuously 
adjusted as a result of changes in internal and contextual conditions and as a result 
of what was learnt by actors during the societal embedding process (in particular 
during socio-technical experiments). For example, the defection of the Recon-
structed Team led to the involvement of BEN Bikes in the project network, which 
in turn led to adjusting the project vision (i.e. introducing the idea of developing 
mobility service based on BEN Bikes hubs and in synergy with the local public 
transport company). Adjustments in the project vision led of course to modifica-
tions in the transition strategy. Even the network of actors involved in the societal 
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embedding process was dynamic: the composition, as well as the required tasks 
for each actor, continuously evolved in time as the different phases in the transi-
tion path required different network compositions. For example, the Cape Town 
municipality was involved only in the second phase of the societal embedding 
process, when institutional protection for the experiment was required. 
In sum in the project it was therefore crucial to adopt a flexible and dynamic 
approach in order to manage these continuous re-directions and adjustments. An 
open-ended approach is required because of irreducible uncertainty, unpredictable 
events, changes in contextual conditions, and conflicting and alterable actors’ ex-
pectations and views. This is in line with the idea of using experiments as “vehi-
cles able to raise questions as well highlight controversies and dilemmas” 
(Hillgren et al. 2011), allowing conflicting voices to coexist.  
Figure 4.11 A dynamic design and management attitude should be adopted. The project vision is 
not a static outcome to be achieved, and the transition strategy is not a fixed roadmap to be cov-
ered. Changes in internal and contextual factors, unpredictable events, learning process by pro-
ject actors during the societal embedding process can lead to adjusting the project vision and, as 
a consequence, to re-orient the transition strategy. Source: Ceschin (2012). 
 
4.3.2 A new set of strategic design capabilities 
Based on the discussion above, it emerges that new strategic design skills are re-
quired to design and manage the implementation and scaling-up of sustainable 
radical innovations: 
• Translating the project vision into a transition strategy. Strategic designers 
should learn to translate a vision into the steps needed to support its implemen-
tation and scaling-up. In other words they must learn to design transition paths. 
Within these transition paths a crucial role is played by socio-technical experi-
ments. Strategic designers should therefore learn to design these kinds of ex-
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periments and in particular to design sequences of experiments capable to act 
as labs, windows and agents of change. 
• Identifying and involving a broad variety of actors to support the societal 
embedding process. Strategic designers should learn to identify the proper ac-
tors to be involved in the various phases of the process. Since the different 
phases of a transition path require different network compositions, strategic de-
signers should be capable to design a dynamic network of actors: a network in 
which the composition, as well as the required tasks of each actor, continuously 
evolve in time. Moreover strategic designers should be capable of thinking not 
only about the actors that could be part of the value chain, but also about the 
actors that have the power and willingness to directly influence the dominant 
socio-technical regime. Strategic designers should thus be able to act as net-
workers (capable of establishing bridges and links between different actors) 
and as negotiator (capable of managing controversies and conflicts within the 
network); 
• Facilitating the building up of a shared project vision and transition path. 
Strategic designers must learn to facilitate the strategic conversation between 
the actors involved, in order to develop (and adapt in time) a shared project vi-
sion and transition path. Strategic designers should therefore be able to facili-
tate a participatory approach, involving a variety of stakeholders in discussing, 
negotiating, co-creating and developing alternatives.30 It is therefore crucial for 
strategic designers to be able to organize the complexity of the information that 
must be exchanged and support effective communication activities among 
stakeholders; encourage and stimulate the various actors in taking part in stra-
tegic conversations; ensuring mutual understanding; and manage the diversity 
of their expectations as well as their negotiation and alignment. These skills are 
thus fundamental: being a communicator (capable of effectively illustrating 
complex information such as project visions and action plans) and a facilitator 
(capable of activating co-design processes and facilitating the convergence of 
actors’ expectations); 
• Managing the dynamic adaptation of the societal embedding process. Stra-
tegic designers should learn to manage the continuous adaptation and evolution 
of the project vision, the transition path and the actor network. The societal 
embedding of an innovation should therefore be managed not as a project with 
a fixed result, but rather as an open search and learning process. Design, devel-
opment, experimentation and implementation should be carried out simultane-
ously and in continuous interaction. 
                                                          
30
 In this respect see for example the use of communication strategies and tools in the Funny 
Dunny project (Mellick Lopes et al. 2012). 
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4.3.3 A new knowledge base 
It must be stressed out that these new required capabilities and skills must be 
grounded in a proper knowledge base. In this sense the knowledge base required 
by designers to work at such strategic level must be enriched with new concepts 
and notions. In particular: 
• First, strategic designers must know how radical innovations (and in particular 
sustainable PSS innovations) take place, and which are the main related dy-
namics and mechanisms. It is of key importance for them to be aware that these 
innovations are highly complex and uncertain, because they require multi-
dimensional changes, at both the technical and socio-cultural level. It is also 
fundamental to know the different factors that could hinder or favour the pro-
cess of introduction and scaling up of sustainable PSS innovations. 
• Second, strategic designers must know the role that socio-technical experi-
ments and niches can play in the process of introducing and scaling up radical 
innovations. They must be aware that the implementation of sequences of so-
cio-technical experiments can favour, support and hasten the societal embed-
ding of sustainable PSSs. In particular they should be aware of the mechanisms 
through which experiments can contribute to transitions (deepening, broaden-
ing and scaling up), and the role that a proper social network, a proper articula-
tion of expectations and visions, and a proper learning process can play in suc-
cessfully manage socio-technical experiments. 
4.4 Design process 
The previous sections illustrated the design attitude and skills required by strategic 
designers to support and orient the societal embedding of sustainable PSSs. How-
ever, in order to operatively equip strategic designers, there is the need for a prac-
tical ‘how to do it’ design process, and associated guidelines and tools. This sec-
tion focuses on presenting this design process and providing an overview of the 
tools that can be used along the design process. 
The design process proposed in this section is built upon the experience in the 
Cape Town Sustainable Mobility project. It has been developed in order to be used 
by strategic designers, project managers, and consultants to support and guide a 
company (or a small network of actors) in managing and enhancing the societal 
embedding process of a sustainable PSS innovation. In particular it is thought for 
practitioners who are already familiar with the concept of sustainable PSS innova-
tion and know how to design sustainable PSS concepts (in fact the design process 
is thought to be used after the designing of the first version of the PSS concept). 
These practitioners can work in various contexts and organisations: consulting 
agencies, companies, research institutions, governmental departments, etc. 
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In particular the design process aims to facilitate the adoption of an experi-
mental-, learning-, and network-based design and management attitude, seeking 
to increase the chance of successfully introducing and diffusing sustainable PSSs. 
It is thought to enable strategic designers and project managers to act as facilita-
tors and mediators in the whole process, stimulating and encouraging the company 
and in general all the involved actors in: (I) formulating a shared project vision; 
(II) focusing on the contextual conditions that may favour or hinder the societal 
embedding of the project vision; (III) developing an action plan and adopting a 
strategic attitude oriented to influence the socio-technical context in order to cre-
ate the most favourable conditions for the innovation; (IV) adopting a reflective 
attitude to continuously reflect on and learn from the activities undertaken. The 
entire list of criteria used for the development of the design process is presented in 
Table 4.1. 
Table 4.1 Criteria adopted to develop the design process. 
Criteria 
1. The design process should enable strategic designers, project managers, and consultants to 
support and guide a company (or a small network of actors) in managing and enhancing the 
societal embedding process of a sustainable PSS innovation 
2. The design process should stimulate project participants to adopt a broad strategic approach, 
and focus not only on the PSS innovation but also on the contextual conditions that may fa-
vour or hinder the societal embedding of the PSS itself 
3. The design process should enable strategic designers and project participants to adopt a 
‘multi-term perspective’, and simultaneously focus on the long-term goals and the short- 
and medium-term actions to be undertaken 
4. The design process should equip strategic designers and project participants to formalise 
project visions 
5. The design process should equip strategic designers and project participants to translate the 
project vision into a transition strategy (action plan) 
6. The design process should enable strategic designers to design pathways of socio-technical 
experiments capable to act as labs, windows and agents of change 
7. The design process should help to identify the proper actors to be involved in the various 
phases of the societal embedding process 
8. The design process should facilitate a participatory approach 
9. The design process should stimulate strategic designers and project participants to adopt a 
reflective attitude, bringing them to continuously reflect on and learn from the activities un-
dertaken, and in case reconsider underlying assumptions 
10.  The design process should enable strategic designers and project participants to dynamical-
ly manage the societal embedding process (and continuously adjust project vision, action 
plan and network of actors) 
 
The development of the design process builds upon the theoretical reflection on 
four instrumental approaches in the field of system innovations and transitions: 
Strategic Niche Management (SNM) (Kemp et al. 1998; Weber et al. 1999), Con-
ceptual Niche Management (CNM) (Hegger et al. 2007), Transition Management 
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(TM) (Rotmans et al. 2000; Loorbach 2002; Kemp and Loorbach 2003; Loorbach 
2007) and ESTEEM (Raven et al. 2009). The design process combines and adapts 
concepts and insights from these four approaches with a strategic design perspec-
tive. 
4.4.1 Phases 
The literature review from transition studies and the case study analysis (chapter 
3) showed that the setting-up of sequences of socio-technical experiments repre-
sents a crucial step to support and speed-up the incubation, testing and maturation 
of sustainable PSSs, and potentially facilitate their scaling up. However these ex-
periments do not develop in a vacuum; rather it is necessary to set up proper con-
ditions to start the societal embedding process. Furthermore these experiments do 
not automatically guarantee that the innovation will be scaled up in future; rather 
it is necessary to adopt appropriate strategies to increase the chances for a success-
ful scaling up. 
Thus, as proposed in the conceptual framework, we can distinguish three main 
phases in the process of introducing and scaling-up radical innovations: 
• an incubation phase, in which the conditions needed to start the societal em-
bedding process are set up. 
• a socio-technical experimentation phase, in which experiments are undertaken 
with the aim of learning and exploring how to improve the PSS innovation and 
how to contribute to its societal embedding. 
• a scaling-up phase, in which the PSS innovation (and the related new practices, 
behaviours and institutions) increases its momentum and begins to influence 
the socio-technical regime (the initially unusual PSS innovation increasingly 
becomes part of the dominant way in which a societal satisfaction is fulfilled). 
These three phases constitute the backbone of the design process (see Figure 
4.12). Below a brief description of each phase is provided. 
Figure 4.12 The three phase of the design process. Source: Ceschin (2012). 
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Incubation The incubation phase is concerned with the setting up of the condi-
tions needed to start the societal embedding process. The starting point is a sus-
tainable PSS concept vision developed by one or more actors (e.g. a company, a 
public institution, or a network of heterogeneous actors) as an answer to a socie-
tal/business challenge. Actors potentially interested in the concept, as well as ac-
tors needed to provide protection and support to the innovation, are identified and 
involved. A first network of actors is therefore built around the PSS concept. Dis-
cussions and negotiations take place in order to achieve a common consensus on 
the PSS concept as well as on the potential strategies to socially embed the con-
cept. The result of this phase is the setting-up of a network of actors who share the 
aim of achieving a long-term vision through an agreed transition strategy (action 
plan). 
Socio-Technical Experimentation In this phase socio-technical experiments are 
designed and implemented with the aim of learning and exploring how to improve 
the PSS innovation and contribute to its societal embedding. These experiments 
are undertaken at a local scale, in an environment protected from market competi-
tion (alternative selection environment), and involve a broad network of actors 
(e.g. a consortium including multiple companies, potential users, a public author-
ity, NGOs, etc.). This protected space enables actors to explore and learn about lo-
cal shifts in culture (new ways of thinking, value, and perspective), practices (new 
ways of doing, habits and routine) and institutions (sets of rules and procedures 
that guide the interactions and behaviours of actors). Particular importance is giv-
en to the conception and implementation of experiments capable to act as: Labs, to 
test and improve the PSS innovation on multiple dimensions and in relation to dif-
ferent contexts; Windows, to raise interest on the innovation project and the related 
actors, disseminate results and attract and enrol new actors; and Agents of change, 
to influence contextual conditions and favour the societal embedding process. 
Scaling up Continuous experimentations and their linking with other existing pro-
jects and initiatives can lead to the development and empowerment of the innova-
tion. At this stage the aim is to increase momentum of the PSS innovation (and the 
related new practices, behaviours and institutions), and start to have an influence 
on the socio-technical regime in terms of expectations, visions, knowledge, rules, 
etc. It is a process that can lead the PSS to increasingly become part of the main-
stream way in which a societal satisfaction is fulfilled. Key issues to be taken in 
consideration are: (I) to replicate the PSS innovation in other contexts and create 
synergies with similar projects and initiatives at a broader level; (II) to disseminate 
information/project results and stimulate media attention at a national level; (III) 
to stimulate actors at a strategic level to influence the socio-technical context in 
order to create the most favourable conditions for the scaling-up of the PSS inno-
vation. 
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4.4.2 Activity clusters 
The literature review from transition studies, the case studies analysis and the ac-
tion research project showed that there are crucial activities to be managed along 
the whole societal embedding process. Strategic Niche Management (SNM) un-
derlines the importance to properly manage the “three internal niche processes” 
(Kemp et al. 1998; Kemp et al. 2001; Hoogma 2000; Hoogma et al. 2002; Raven 
2005): the process of building the social network, the process of articulating ex-
pectations and visions, and the learning process. Transition Management (TM) 
puts forward a transition cycle characterised by four sets of activities (Loorbach 
2002; Loorbach and Rotmans 2006; Loorbach 2007): (I) establishing and develop-
ing a transition arena; (II) developing sustainability visions and transition agen-
das, (III) initiation and execution of transition experiments and projects; and (IV) 
monitoring, evaluating and learning. In sum, the main activities to be managed 
during the societal embedding process can be grouped in five clusters: 
• vision building and expectation shaping (WHAT the project network wants to 
achieve): activities related to building-up and formalising a project vision 
shared among the actors and social groups involved in the project; 
• action plan development (HOW the vision could be achieved): activities relat-
ed to translating the vision into the steps needed to support and favour societal 
embedding of the PSS concept; 
• actors’ network establishment and development (WHO has to be involved in 
the project): activities related to establishing, managing and developing the 
network around the project; 
• action plan implementation (DO what planned): activities related to imple-
menting the actions identified in the strategic plan; 
• monitoring, evaluation and learning (LEARN from activities undertaken): ac-
tivities related to monitoring and evaluating the transition process, and identify-
ing the adjustment to be carried out. 
In the design process these five activity clusters run in parallel with the back-
bone of the process (see Figure 4.13). Below, a brief description of each activity 
cluster is provided. 
Figure 4.13 The five activity clusters of the design process. Source: Ceschin (2012). 
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Vision Building and Expectations Shaping The vision consists in a PSS concept 
developed as an answer to a societal/business challenge. It represents the final 
goal to be achieved. The vision includes the PSS concept, as well as the motiva-
tions to develop it. It should communicate in a clear and effective way what the 
aims of the project, the main characteristics of the PSS innovation, and its poten-
tial (environmental, economic and or socio-ethical) benefits. This cluster compris-
es activities aimed at building-up a project vision shared between the actors and 
social groups involved in the project. In particular these activities are related to: 
• formalising a PSS concept vision, in order to communicate in a clear and effec-
tive way the aims of the project, the main characteristics of the PSS innovation, 
and its potential (environmental, economic and or socio-ethical) benefits; 
• stimulating actors in strategic discussions, in order to encourage them to ana-
lyse the vision, identify conflicting issues and potential alternatives; 
• stimulating actors to think about the contextual conditions that may favour or 
hinder the achievement of the vision, and how to strategically influence these 
conditions; 
• continuously adjusting the vision in relation to what is learnt by actors during 
the different phases of the societal embedding process. 
Transition Strategy Development A transition strategy is a hypothesis on how 
the PSS concept vision could be socially embedded. It is an action plan including 
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the potential steps between the present situation and a future situation in which the 
PSS concept becomes part of the dominant way in which a societal satisfaction is 
fulfilled. It translates the long-term goal (the PSS concept vision) into the short 
and medium-term actions to be undertaken to move towards that goal. It is there-
fore crucial for coordinating the actions between the different actors involved in 
the process. In short, a transition strategy provides an action plan which includes: 
the actions to be undertaken and the various actors to be involved and the related 
roles. 
As previously underlined the socio-technical experimentation phase represents 
the core of a transition strategy. This phase is preceded by the incubation phase, 
aimed at setting-up the conditions to start the societal embedding process, and can 
be followed by a scaling-up phase, aimed at stabilising the PSS innovation and in-
crease its influence on the socio-technical regime. 
This cluster includes activities related to translating the vision into the steps 
needed to support and favour the societal embedding of the PSS concept. In par-
ticular these activities are related to: 
• developing the transition strategy, identifying the milestones to be achieved, 
the steps to be undertaken, the actors needed to support the path and their roles; 
• formalising the transition strategy, in order to effectively visualise and com-
municate it to the different actors involved in the societal embedding process; 
• continuously adjusting the transition strategy in relation to what is learned by 
actors during the different phases of the societal embedding process. 
Actor Network Establishment and Development As deeply illustrated in the 
previous chapter, the establishment and development of a proper network of actors 
is recognised as a crucial element in transition processes. 
This cluster includes activities focused on the establishment, management and 
development of a socioeconomic network capable to protect, support and foster 
radical innovations. In particular these activities are related to: 
• selecting the proper actors to be involved during the different phases of the so-
cietal embedding process; 
• monitoring the actors and social groups directly and indirectly involved in the 
process and their reciprocal interactions and relations; identifying related con-
vergences, conflicts, interests and power; 
• managing the evolution of the network during the societal embedding process. 
Implementation of Planned Actions This cluster includes the activities related to 
the implementation of the socio-technical experiments foreseen in the transition 
strategy, and the actions required for their subsequent evolution (niche develop-
ment and scaling-up). 
Basically, the process is based on a learning-by-doing philosophy. The contin-
uous implementation of socio-technical experiments (and their development into 
more stable PSS innovations) represents the crucial step to enable the involved ac-
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tors to reflect on the activities undertaken and learn how to improve/adjust the 
PSS innovation and favour its societal embedding. 
Monitoring and evaluation of activities undertaken Monitoring and evaluation 
activities should be focussed on: 
• the socio-technical experiments and in general the evolution of the PSS innova-
tion (technical and usability aspects, acceptability of the PSS by the various so-
cial groups involved in the project, implementation and diffusion barriers, etc.); 
• the socio-technical context in which the PSS innovation is experimented and 
introduced (opportunities & barriers created by the regime); 
• the network of actors, their activities and roles, and their changes in way of 
thinking, doing and behaving; 
• the evolution of the PSS concept vision and the transition strategy. 
This cluster includes activities focused on supporting an adequate learning pro-
cess. In particular these activities are related to: 
• monitoring the evolution of the PSS innovation and the transition process (ac-
tors network, PSS concept vision and transition strategy); 
• reflecting on and evaluating the monitored elements; 
• translating the evaluation results in actions to be undertaken. In fact, through a 
learning-by-doing approach, evaluation results are used to adjust the project vi-
sion (the PSS concept could change in relation to what is learned by actors dur-
ing the societal embedding process), the action plan, and the actors network 
(new actors may join and other may leave).  
4.4.3 Design process overview 
On the basis of the structure previously presented, this section puts forward a ge-
neric design process to be followed by strategic designers. The design process is 
illustrated in Figure 4.14. Below, a short description of the steps included in each 
phase is provided. 
Figure 4.14 Design process: phases, activity clusters and steps Source: Ceschin (2012). 
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4.4.3.1 Phase 1: incubation 
The incubation phase sets up the conditions to initiate the societal embedding pro-
cess. The starting point is an eco-efficient PSS concept developed by one or more 
PSS promoters. The first step is to formalize the project vision in order to com-
municate in a clear and effective way the aims of the project, the main characteris-
tics of the PSS innovation, and its potential (environmental, economic and/or so-
cio-ethical) benefits.    
The next step is to explore how the concept could be socially embedded. This 
involves making a comparison between the present situation without the PSS and 
the future situation in which the PSS concept is implemented. It is essential to 
adopt a strategic attitude in order to identify the short and medium-term actions to 
be undertaken in order to create the most favourable operable conditions. Actors 
potentially interested in the concept, as well as actors that could give protection 
and support to the innovation, are identified. This step produces a first formalized 
draft action plan (identification of the actions to be undertaken, the actors to be in-
volved, and their roles). 
105 
The third step is the involvement of the identified stakeholders in strategic dis-
cussions: in this stage meetings and workshops are organized with the actors pre-
viously identified. The aim is to collect and confront the different actors’ expecta-
tions, discuss and adjust both the project vision and the action plan, and achieve a 
common consensus.  
As a result of these meetings and workshops the project vision, the action plan 
and the actor network are adjusted. The output of this phase is the establishment of 
a project network that agrees on a project vision and on an action plan. 
4.4.3.2 Phase 2: socio-technical experimentation 
In this phase small-scale socio-technical experiments are implemented in real set-
tings with the aim of learning and exploring how to improve the PSS innovation 
and how to contribute to its societal embedding. 
This phase begins by designing the experiments such that they are protected 
from the mainstream competition environment and act as Labs, Windows, and 
Agents of Change (see previous sections). The design of the experiment includes: 
the identification of an implementation area and the appropriate financial and so-
cio-institutional protections, the technical aspects of the PSS as well as identifica-
tion of the socio-economic organization to protect and support the innovation 
(identification of actors to be involved and related tasks). 
During the experiment monitoring and evaluation activities are undertaken. 
These include the experiment (technical and usability aspects, acceptability of the 
PSS by the various social groups involved in the project, implementation and dif-
fusion barriers, etc.); the actors directly and indirectly involved (their roles, behav-
iours, expectations, conflicts and convergences); the project vision agreed on and 
the action plan (and their evolution and adjustment in time).  
Evaluation results are then translated into new actions. Through a learning-by-
doing approach, the evaluation may lead to an adjustment of the experiment, ac-
tion plan and the broader project vision, as well as increased understanding of the 
need for contextual changes and ways to achieve them. 
Following this process, different experiments can be executed in different con-
texts and/or testing new functions. 
4.4.3.3 Phase 3: niche development & scaling-up 
In this phase the aim is to increase momentum of the PSS innovation (and the re-
lated new practices, behaviours and institutions) and begin to influence the socio-
technical regime. It is a process that leads the innovation to increasingly become 
part of the mainstream way in which a societal satisfaction is delivered. 
The first step is the identification of appropriate actions to enhance the devel-
opment and reinforcement of the pathway of experiments. It is essential to link the 
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PSS innovation to a broader context, in order to make it relevant beyond the local 
scale. Key issues are:  
• to repeat the experiments in other contexts and create synergies with similar 
projects and initiatives. The aim is to share experiences and stimulate and rein-
force network building on a broader scale (e.g. within a sector or at a national 
level);  
• to disseminate information/project results and stimulate media attention at a na-
tional level; 
• to stimulate actors at a strategic level to influence the socio-technical context in 
order to create the most favourable conditions for the scaling-up of the PSS in-
novation. 
In sum, the aim is to establish deeper linkages with relevant political, industrial 
and social actors: those that have the power and willingness to directly influence 
the dominant culture, practices and institutions; those that (in)directly may influ-
ence the regime because they have an interest in embedding new sustainable prac-
tices; those that can spread information on the PSS innovations; and those that 
may support the scaling-up of the innovation, such as potential industrial partners, 
industrial associations or consortia.  
During the process monitoring and evaluation activities continuously take 
place. Evaluation targets include the progress of niche development and scaling-
up (e.g. connections with other experiments, enrolment of new actors, dissemina-
tion of project results, connections with regime actors, and introduction of the PSS 
innovation in niche markets), the actors involved, the project vision and the action 
plan.  
The evaluation process can lead to adjustment of the actions to favour niche 
development and scaling-up, as well as to re-orient the project vision and adjust 
the actor network and the action plan.  
4.4.3.4 Flexibility and manageability of the design process 
It has to be underlined that the phases and the steps should not be seen as strictly 
consecutive stages, but rather as overlapping and interrelated activities. Moreover 
the process is not meant as a fixed path to be followed, rather as a flexible frame-
work that needs to be adapted in relation to the specificities of each single project. 
In fact, even if the process proposes a step-by-step support, the actual sequence of 
steps can be defined project by project and modified during the progress of a pro-
ject. In other terms the process should be seen as a flexible framework for action 
which enables strategic designers to guide and orient a societal embedding process 
by focusing on three main phases and five different clusters of activities. 
Also, it must be stressed out that the process presented here should not be con-
sidered as a ‘recipe for success’. As the Multi Level Perspective (MLP) warns us, 
niche development and scaling up require in fact favourable conditions and cir-
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cumstances (e.g. there should be enough pressure form the landscape, the regime 
should be sufficiently open to accept radical innovations, etc.). These conditions 
and circumstances are often outside of the company’s direct (or indirect) sphere of 
influence. Therefore the process from incubation to scaling-up becomes increas-
ingly more uncertain and less manageable, and more influenced by project exter-
nal events and dynamics. 
Projects can only be planned and managed a few years ahead. Outlooks beyond 
the short term are inherently uncertain. Envisioning, participatory tools and reflex-
ive learning are tools considered useful under such circumstances, but should not 
be mistaken as to provide blueprints for the future and how to get there. 
4.4.4 Supporting tools 
In order to better support practitioners, a set of design tools can be used through-
out the design process.  These can be grouped in four main clusters, which corre-
spond to four of the five activity clusters (Figure 4.15). Below, a short description 
of each tool is provided.31 
Figure 4.15 The four clusters of tools.Source: Ceschin (2012). 
 
Tools to Formalise PSS Concept Visions These include: 
• the offering diagram, to shows, through a combination of visual and textual el-
ements, and in a concise form, what the PSS offers to customers (van Halen et 
al. 2005); 
                                                          
31
 For a detailed explanation see Ceschin (2012) and the references associated with the tools.  
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• the stakeholder system map, to visualise the socio-economic stakeholders in-
volved in producing and delivering the PSS offer, and their interac-
tions/relations (Jégou et al. 2004); 
• the storyboard, to visualise how the PSS offer is delivered to the customers; it 
chronologically describes the sequence of interactions occurring at front-desk 
level (interactions between the customer and the offer system) and back-stage 
level (interactions between the stakeholders involved in producing and deliver-
ing the PSS) (van Halen et al. 2005); 
• the PSS elements, to describe the material and non-material elements (e.g. 
products, services, communication etc.) required to deliver the PSS offer 
(Jégou et al. 2004); 
• the sustainability diagram, to succinctly describe and visualise how the PSS 
achieves certain sustainability aims (Ceschin and Vezzoli 2007; Vezzoli and 
Ceschin 2009). 
Tools to Design and Formalise Transition Strategies These tools are aimed at 
supporting the identification of the steps needed to support and favour the societal 
embedding of the PSS concept. These include (Ceschin 2012): 
• the transition path canvas, to stimulate the generation of ideas about the action 
plan to support the introduction and diffusion of the PSS concept; 
• the transition path storyboard, to visualise the transition strategy in a graphical 
and succinct form; 
• the transition path table, to visualise the transition strategy in detailed form; 
• the socio-technical experiments design guidelines, to orient and support the de-
signing of socio-technical experiments; 
• the scaling up guidelines, to identify the proper strategies to enhance the devel-
opment and reinforcement of the pathway of experiments, and favour the scal-
ing-up of the PSS innovation. 
Tools to Manage the Network of Actors These include (Ceschin 2012): 
• the actors map, to visualise the actors and social groups involved in the PSS 
innovation and the ones that (directly or indirectly) have an influence on it; 
• the actors table, to make explicit the roles, expectations, convergences & con-
flicts, interests & power of the actors directly and indirectly involved in the 
project; 
• the key issues and alternative options map, to discuss the project vision and ac-
tion plan with stakeholders and identify conflicting issues and possible alterna-
tives;32 
• the context opportunities & barriers map, to stimulate actors to think about the 
context opportunities and barriers, and how to respectively exploit and overtake 
them.33 
                                                          
32
 Adaptation of the key issues and alternative table tool, developed within the ESTEEM project. 
See Raven et al. (2009). 
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Tools to Monitor and Evaluate the Transition Process These tools are aimed at 
monitoring and evaluating the transition process and identifying the adjustment to 
be carried out. They include (Ceschin 2012): 
• the experiment evaluation framework, to stimulate and support the monitoring 
and evaluation of socio-technical experiments; 
• the scaling up evaluation framework, to stimulate and support the monitoring 
and evaluation of scaling-up processes. 
4.5 Designing transition paths for the societal embedding of 
sustainable PSSs  
In 2003 Manzini and Vezzoli introduced the concept of strategic design for sus-
tainability: “the design of an innovation strategy, shifting the business focus from 
designing (and selling) physical products only, to designing (and selling) a system 
of products and services which are jointly capable of fulfilling specific client de-
mands, while re-orienting current unsustainable trends in production and con-
sumption practices” (Manzini and Vezzoli 2003). 
However, as illustrated in this and the previous chapters, there is an urgent need 
to not only ideate and propose sustainable PSS concepts, but also to favour and 
support their introduction and scaling up. In respect to this a crucial role can be 
played by strategic design. Hence, building upon Manzini and Vezzoli’s defini-
tion, we can describe strategic design for sustainability as the design of sustaina-
ble PSS concepts, and the design and managing of transition strategies to support 
and hasten their introduction and scaling up (Ceschin 2012; Ceschin 2013). 
In other terms it is a strategic design capable to guide and support a company, 
an institution or a network of actors, in the process of ideating sustainable PSS in-
novations, and in the process of introducing and gradually embedding these inno-
vations in the society. It is an approach in which design, development and imple-
mentation should be carried out simultaneously and in continuous interaction. This 
strategic design approach is based on: 
• envisioning: the development of long term visions to guide project actors to-
wards the implementation of sustainable radical innovations. 
• experimenting: the design of sequences of socio-technical experiments to ex-
plore and learn how to improve sustainable radical innovations and how to fa-
vour their scaling up. 
• involving a wide variety of actors: the design of the actors network configura-
tions needed to support the societal embedding process, taking in consideration 
not only the actors belonging to the PSS value chain (producers, partners, sup-
                                                                                                                                     
33
 The tool is an adaptation of the context opportunities & barriers table tool, developed within 
the ESTEEM project. See Raven et al. (2009). 
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pliers, users, etc.), but also the ones that have the power and willingness to di-
rectly and indirectly influence dominant socio-technical regimes. 
• reflexive learning: the innovation journey is seen as a path based on exploring, 
searching and learning, capable to bring actors to continuously reflect on and 
learn from the activities undertaken, and in case reconsider underlying assump-
tions. 
In sum, there is a new important role and challenge for strategic design for sus-
tainability: not only to conceive sustainable PSS concepts, but also to understand 
the contextual conditions in which they are introduced and which strategies and 
development pathways are the most appropriate. However, the enlargement of the 
design scope requires designers to be properly equipped. As illustrated in the pre-
vious sections designers need: 
• a proper knowledge base, to be aware of how radical innovations take place 
and how they can be influenced, oriented and in some ways managed; 
• a new design attitude and skills, based on the adoption of an experimental-, 
learning-, and network-based designed and management approach; 
• and a practical design process, and associated tools, to support design practice.  
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5 Where do we go from here? 
 
 
 
 
Abstract This chapter summarises the main findings and lessons learned, high-
lights and generalises the main contributions, and indicates potential paths for fu-
ture research. 
Keywords: Product-Service System, Sustainable development; Transition studies; 
Strategic design; Design for sustainability; Strategic Niche Management; Transi-
tion Management; Research challenges; Research agenda. 
5.1 Research findings 
Sustainable PSS innovation represents a valuable concept for enhancing company 
competitiveness and at the same time providing environmental benefits. However, 
these innovations are in most cases radical, and their introduction and diffusion 
usually encounter the opposition of existing customers’ habits (cultural barriers), 
companies’ organizational structures (corporate barriers), and regulative frame-
works (regulative barriers). Hence, if immediately exposed to the mainstream 
market environment, it is highly probable they will not survive. An important 
challenge is therefore not only to conceive sustainable PSS concepts, but also to 
understand the contextual conditions in which they are introduced and explore the 
most suitable strategies and development pathways to embed these concepts in so-
ciety.  
This raises important questions on the role of design in addressing this chal-
lenge. And we can observe that this is becoming a more and more relevant issue in 
the Design for Sustainability community. In this respect researchers have started 
to explore the role of design in relation to large-scale changes. Manzini, Meroni 
and Jégou have proposed three broad design strategies to scale-up social innova-
tions: enabling, replicating and synergising (Jégou and Manzini 2008; Meroni 
112  
2008; Jégou 2011). Sangiorgi (2010) has explored the role of service design as an 
engine for wider societal transformations. Mellick Lopes et al. (2011) have inves-
tigated the potential of visual communication design to facilitate social learning in 
the transition to more sustainable systems. Joore (2010) developed a Multilevel 
Design Model to clarify the mutual relationship between new products, PSSs, so-
cio-technical systems and societal changes. Gaziulusoy (2010) and Gaziulusoy et 
al. (2013) have developed a scenario method to link activities/decisions at the 
product development level in companies with the transformation which needs to 
take place at the societal level to achieve sustainability. 
The original contribution of this book is to combine design thinking with con-
cepts and insights from transition studies.34 Building upon insights from the transi-
tion studies field, this chapter put forward a conceptual framework for the intro-
duction and scaling-up of sustainable PSSs. A crucial role is given to the 
implementation of sequences of socio-technical experiments, partially protected 
spaces where broad networks of actors incubate, test, develop and bring the inno-
vation to maturity without the direct pressure coming from the market environ-
ment. Theoretical and empirical evidence supports the proposal that, in order to ef-
fectively contribute to transition processes, socio-technical experiments should be 
conceived as Labs, Windows and Agents of Change. Strategic design could there-
by play a role not only in generating eco-efficient PSS concepts, but also in de-
signing transition paths to support and facilitate the introduction and scaling-up of 
the concept itself. The book also discussed the new design approach and new de-
sign capabilities required by designers to operate at such a level. 
In short, the core contributions of this research are: 
• First, a conceptual framework describing and explaining how sustainable PSS 
innovations take place was developed. It reduces the complexity of the process 
and provides a comprehensive overview of the main influencing factors. The 
framework describes the process of introduction and scaling-up as an evolu-
tionary transition path, characterised by an incubation phase, a socio-technical 
experimentation phase and a scaling-up phase. It also brings all the influencing 
factors together, grouping them in four main clusters (factors related to the so-
cietal embedding process, the actor network, the project vision and actor’s ex-
pectations, and the learning process).  
• Second, the research contributed to clarify how socio-technical experiments 
can trigger the process of introduction and diffusion of sustainable PSS innova-
tions. Building upon insight from transition studies and the result of the first 
part of the research, a definition of socio-technical experiment was developed. 
It identifies the key issues to be addressed when designing and managing this 
kind of experiments. 
                                                          
34
 This topic was initially explored in Vezzoli et al. (2008) and further developed in Ceschin 
(2010), Ceschin et al. (2011) and Ceschin (2012). 
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• Third, the research conceptualised the functions that socio-technical experi-
ments can play in transition processes: experiments can act as Labs (to test, 
learn about and improve the PSS innovation on multiple dimensions), Win-
dows (to raise interest in the innovation project and the related actors, dissemi-
nate results, build up synergies with existing similar projects/initiatives, and at-
tract and enrol new actors) and Agents of change (to influence contextual 
conditions in order to promote and quicken the transitioning process). This 
conceptualisation can be used as a guide for identifying which elements need to 
be designed and developed in socio-technical experiments. 
• Fourth, the research proposed a new role for strategic design for sustainabil-
ity: a role that couples the generation of sustainable PSS concepts with the de-
sign and manage of transition strategies to support and speed up their introduc-
tion and scaling up. 
• Fifth, on the basis of this new role, the research contributed to clarify the new 
design attitude and capabilities needed by strategic designers to operate at 
such strategic level. It also identified the design knowledge base that strategic 
designers need to be equipped with. 
• Finally, on a more operational point of view, the research developed a practical 
“how to do it” design process, and associated guidelines and tools, to support 
strategic designers, project managers, and consultants in designing and manag-
ing the societal embedding process of sustainable PSS innovations. 
5.2 Research limitations 
The first limitation concerns the limited application of the developed design ap-
proach and associated tools. The design approach and tools were in fact applied 
only in one project, which is of course a small sample for final conclusions. This 
limitation is inherently due to the complexity and the timescale related to process 
of introduction and diffusion of sustainable PSSs: in fact it might take several 
years to follow the implementation and scaling up of socio-technical experiments 
(e.g. the Cape Town Sustainable Mobility project was launched in 2009 and it is 
still running). Thus, given the limited extent of time of this PhD research (3 years) 
it was not possible to entirely test the design approach and tools in a real time per-
spective. However, this limitation was foreseen in the beginning of the research 
and thus the research methodology was properly designed in order to deal with it. 
In fact, practitioners and academic experts were involved to assess the design ap-
proach and tools in terms of their potential practicality (approach and tools are 
practically usable in the settings for which they have been designed and devel-
oped) and effectiveness (the use of the approach and tools brings to desired out-
comes). Anyhow, it is of course clear that more research would be needed to fur-
ther test the design approach and tools on practice. 
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A second limitation is related to the researcher’s role. In both the first and the 
second part of the research the author was deeply involved with the investigated 
phenomenon. During the case study analysis the researcher directly interacted and 
collected data from persons involved in the cases. During the second stage of the 
research the researcher was directly involved (by close collaboration with other 
designers and practitioners) in the development, testing and refinement of the de-
sign approach and tools. The fact that the researcher was directly involved in the 
studied phenomenon might be seen as a limitation. A deep involvement could in 
fact hinder researcher’s independence and objectivity. In order to limit this risk, 
several external stakeholders (practitioners and academic experts in the field of 
PSS and transition studies) were involved to assess and validate the results of the 
research. These stakeholders provided an independent evaluation, not influenced 
by the opinions and view of the researcher. In addition it must be stressed that this 
deep involvement had some positive effects: the advantage was in fact that the re-
searcher had the opportunity to access rich data and go closer to practice. 
The third limitation of the research is related to the case studies analysed in the 
first part of the research. These cases are related to the innovation journeys made 
by six European companies in introducing their sustainable PSS innovations in the 
market, and they are characterised by heterogeneity. In fact, the PSS innovations 
analysed can be classified under the two different typologies: user oriented PSS 
and result oriented PSS. Moreover these PSSs differ in terms of business sector 
and companies size. This heterogeneity might be seen as a limitation. In fact it 
could be argued that it would have been more valuable to select homogeneous 
cases with similar characteristics (e.g. cases related to a given business sector 
and/or PSS typology). Of course this choice would have contributed to enhance 
internal validity but, since this study has an explorative aim (little attention has 
been put by literature on this issue), it was decided to select cases in order to have 
a broader picture and facilitate the generalisability of results. 
5.3 Future research directions 
5.3.1 Improving and refining the results achieved in this research 
As previously illustrated, the design approach and tools have been so far applied 
only in a limited number of projects. Thus, an important issue is to make them 
more reliable. In respect to this, two main recommendations can be made:  
The first recommendation is to further apply and test the design approach and 
tools in other projects related to the societal embedding of sustainable PSSs. In 
particular it would be valuable to apply them in different situations: 
• in different market sectors (e.g. PSSs in the energy, food, mobility sectors);  
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• and with different actors as main promoters of the PSS (e.g. project in which 
the main promoter is a multinational company, a small/medium enterprise, an 
NGO, a public institution, a research/educational institution, etc.). 
It is also suggested to track these projects for several years in order to monitor 
their impacts (i.e. diffusion of the PSS solution). This combination of testing in 
different situations (and with a long time perspective) could bring to improve and 
refine the design approach and tools and also to produce insights on how to adapt 
them in relation to the needs and characteristics of specific target groups (e.g. for a 
multinational company working in the energy sector, or for a small company 
working in the mobility sector). 
The second recommendation is about the historical cases related to the intro-
duction and scaling up of sustainable PSSs. In this research the case studies were 
characterised by heterogeneity (different PSS typologies, business sectors and 
companies sizes) and therefore they allowed the development of a general concep-
tual framework. It would be interesting to enlarge the number of cases and explore 
the differences of the societal embedding process in relation to the type of PSS, 
the business sector, etc. This could help create a repository of historical cases and 
potentially identify patterns of introduction and diffusion in relation to different 
conditions (e.g. in relation to specific business sectors and/or PSS type). Moreover 
this kind of results could be used to improve and refine the design approach and 
tools and adapt them in relation to specific conditions. For example specific guide-
lines and tools, to be included in the general design approach, could be developed 
in relation to specific business sectors and/or PSS type, etc. 
5.3.2 Applying the research results in other fields 
It is expected that the findings of this research (in particular the design approach 
and tools) could be generalised and used not only in relation to sustainable PSSs 
but also to other kinds of radical innovations. An example is represented by sus-
tainable social innovations. Social innovations present interesting potentialities in 
terms of new and more sustainable ways of living. However the crucial issue is to 
stimulate a wider adoption of these solutions (Manzini 2011). Like sustainable 
PSSs, sustainable social innovations are solutions that change (in same cases even 
radically) the traditional way of fulfilling needs, affecting the spheres of produc-
tion, distribution and consumption. Therefore the process to scale up these innova-
tions challenges current thinking, behaviour, routines, regulations, etc. For this 
reason, the insights produced in this research might be useful to stimulate the in-
troduction and diffusion of this kind of innovation. For example the socio-
technical experiment concept as well as the design approach and tools could be 
adapted and used to spread and scale up this kind of solutions. However, it must 
be underlined that there are some important differences between PSSs and social 
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innovations, and this could limit the application and adaptation of the research re-
sults. For example PSSs innovations are often initiated and proposed by a compa-
ny (or by a small network of actors including one or more company), while social 
innovations emerge from a variety of actors directly involved in conceiving and 
implementing the solution. In social innovations final users and communities play 
a key role in developing and self-managing the solutions. Thus, it is clear that the 
role of the designer in supporting the introduction and scaling up process could be 
different in the two cases. In particular the way of approaching and interacting 
with the actors involved in project would probably change. 
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